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At sixty miles per hour (3600 r. p.m.) valve springs 
in the average automobile are deflected 108,000 
times per hour. To withstand such repeated deflec- 
tions extreme care must be taken intheir manufacture 
—especially heat treating. Even superficial scale or 
decarburization must be avoided. 





At the William D. Gibson Company, 
Chicago, springs are hardened at the 
rate of 700 lbs. per hr. without a trace 
of scale or decarburization in the con- 


After 


being automatically quenched the 


tinuous furnace shown above 


springs are as bright and clean as 
when they entered the furnace. Heat- 
ing is accomplished by means of gas- 
fired radiant tubes mounted through 
the side walls both above and below 
the cast alloy link conveyor. Lined 
entirely with insulating firebrick the 


furnace can be heated to temperature 


2 the time required in similar 


in 3 to 


furnaces lined with conventional fire- 
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brick. Only three hours are required to 
heat the furnace from cold to 1500 F 
A prepared gas is used for the pro- 
After hardening 





tective atmosphere 
the springs are drawn to the desired 
hardness in an SC continuous recircu- 
lated air furnace... Development work 
in both direct fired and atmosphere 
furnaces is going on continuously in 
Surface Combustion’s research labora- 
tories. An SC 


to tell you about the latest improve- 


engineer will be glad 


ments in heat treating furnaces. Ask 


him to call or write for information 


SURFACE COMBUSTION CORPORATION, Toledo, 0 


Builders of ATMOSPHERE FURNACES 
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| HONE RYERSON any time... for any amount... or any kind of steel. 


Your order will get Immediate Action. The steel is in stock, and will be 
delivered promptly — where and when you need it. 

W hen steel inventories are low, when you need unusual sizes or analyses, 
when non-uniform quality steel hinders production, call Ryerson. Over 
10,000 sizes, shapes, and kinds of steel and allied products — from structurals 
to stainless. from heat treated alloys to nuts and bolts — are included in 
Ryerson Certified Steel products. All are closely controlled as to analysis, 


accuracy, finish, ete. and each represents the highest quality in that par- 


ticular class and type of material. 
Ten strategically located plants assure prompt, dependable service. 
Draw on the one nearest you. We'll gladly send a Stock List. 


Joseph 'T. Ryerson & Son, Inc., Chicago, Milwaukee, St. Louis, Detroit, 


Cincinnati, Cleveland, Buffalo, Boston, Philadelphia, Jersey City. 
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Ryerson Products Include: 


Beams, Structurals 
Channels, Angles, Tees, Zees 
Hot Rolled Bars 
Bands and Hoops 
Floor Plate 
Plates (over 15 kinds 
Sheets (over 25 kinds 
Alloy and Tool Steels 
Heat Treated Alloy Bars 
Stainless Steel 
Cold Finished Shafting 
strip Steel, Flat W ire 
Mechann al Dubin 
Boiler Tubes and Fittings 
Welding Rad 
Rivets, Bolts, Nats, Washers 
Conerete Remforcing 
Babbit Metal and Solder 



























Few fundamental changes have been made in the operation of tinning 


since the mechanical handling of the sheet by 


rolls was suggested. 


Volten tin is kept at constant temperature by immersion heaters near 


the entrance. Some interesting facts are given about can making 





Tin Plate 


in the Canning Industry 





i THE CANNING INDUSTRY is an extremely 
important consumer of tin plate. This 
means that there is a surprisingly close connec- 
tion between the production of canned goods 
and the production of tin and even steel. It 
may seem strange at first thought that tin min 
ers in distant Malaya and producers of steel 
near Pittsburgh or Chicago may be honestly 
concerned over floods, untimely frosts, or a 
drought in the Middle West. 


humanitarian considerations, they know that 


Aside from 


any weather that would seriously curtail can 
hing in these regions is going to affect the sale 
of their products. 

Importance of this relationship is seen from 
the following: 

1. Nearly all of the tin plate consumed in this 
country is used in making tin cans and for closures 
for glass and paper containers In recent years 
fully 60 


marketing of foods produced by the canning indus 


ol the tin plate has been used in th 


try that is to say in the manufacture of about 
11 billion “packer’s” cans. Containers tor cosmet 
ics, petroleum products, paints, and the like run to 
more than 5 billion cans in the “general line” 

2. The U.S.A. normally consumes about 4o 
of the world’s production of tin, of which about 
half goes into the manufacture of tin plate. Some 
of this is exported, but an average of close to 90 
of our tin plate production is consumed here 

3. U.S. tin plate production has been steadily 
increasing in tonnage; in 19387 a “good” year, 
much like 1939 


Since tin plate is 98's steel, this is 


it amounted to over 2's million 


short tons 


an appreciable factor in the steel industry, particu 
larly since the domestic demand for tin plate is 
relatively steady (in sharp contrast to the demand 
for most other steel products 

lin plate was a well developed commercial 
product when Nicholas Appert first made his 
historic experiments in preserving foods earl 
in the 19th century [he sheets to be tinned 
were then of wrought iron refined with char 
coal, but at least they did not have to b« 
pounded out by hand, as was the case a century 
earlier. The rolled sheets were coated with hot 
tin by dipping them into a pot of melted metal, 
quite similar to the present processes except 
that very litthe machinery was used and the tin 
coating was much thicker than at present. (Ih 
trade still uses the term “charcoal plate” to 


' 


mean, not the historic fact that charcoal 
wrought iron is the base metal, but the extra 
heavy coatings of tin.) 

Since the start of the canning industry, 
many technical developments have evolved a 
better and cheaper tin plat Hlowever, it Is 
significant that tin plate was immediately 
adopted as the best material for commercially 
packing foods in hermetically sealed contain 


ers, and has held that position throughout the 





hebruary., 1940; Page 135 














past 130 years. Perhaps the most important 
series of changes has been in the steel industry 
where the well known advancements in mech- 
anization, the huge volume of production, and 
metallurgical developments of the past century 
have evolved uniform, high quality steel sheets 
at a remarkably low cost. Likewise, the tinning 
of these sheets has been so mechanized and 
controlled that a uniform, satisfactory product 
now requires very little direct labor. 

From the viewpoint of the canner, it is in 
the manufacture of the cans that the most obvi- 
ous improvements have taken place. The hand- 
made cans of a century ago, with all seams 
soldered and a filler hole in the top which was 
closed by a soldered disk after packing, seem 
very crude indeed compared to the present 
automatic production of 3800 cans per minute. 
This was a gradual evolution, of course. First 
the hand methods, good for three cans an hour, 
were aided by better forming and soldering 
tools; then ends were stamped from tin plate by 
machine rather than being cut manually. Sol- 
dering of can ends by rolling the inclined cans 
over a solder bath was evolved. Finally, the 
lock seamer and means for automatic soldering 
over a solder roll were invented. By 1885 an 
entirely automatic line for making cans was in 
operation in Baltimore. With the development 
of the open top, “sanitary” can about 40 years 
ago, wherein the entire can end is seamed in 
place with a gas-tight 
gasket substituting for 
solder, came the mod- 
ern tin can. Use of 
various enamel or “lac- 
quer” linings broad- 
ened the utilitv of the 
product. 

Improvements to 
increase production and 
make all operations 


automatic reduced the 


= a. 4 * 

, iat fasted s. ~~ 
cost per unit. This evo Pas 
lution has been a typi Ey = 

. oo 
cal American mass ee 
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production develop i 
ment; at present fully ee 
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half of the world’s j 
canned goods is pro 
duced in the United 
States, and our can 
making machinery is _ 

oe Vicrographs of Tin 
found in) most impor 


tant foreign plants 


Vetal Progress: 





Hot Mill Tin Plate 
Cross Sections, Etched With 59%, Vital. Two sheets at 


100 dia., above, and part of one sheet at 500 dia., below. 


Although the canning industry, and with it 
the consumption of tin plate, gradually rose to 
great importance in the 19th century practically 
no tin plate was produced in this country until 
1891. Wales was then the center of the world’s 
industry, and it was said that no one but a 
Welshman could acquire the art. Once estab- 
lished here, however, the growth was rapid, and 
by 1911 imports had practically ceased. Exports 
became exceedingly important during 1915 to 
1920, and have fluctuated between 50,000 and 
350,000 tons per year since that time. The value 
of exported tin plate in 1937 amounted to about 
$38,000,000, far more than for any other 
exported finished iron or steel product. 

The basic material for making containers 
for the canning industry is low carbon, annealed 
sheet steel. This is rolled as thin as practical 
to give requisite strength — normally to 31 or 
32 g. (about 0.010 in.). Since this material must 
take severe punishment in seaming the cans, 
ductility in all directions is of great importance. 
Within recent years, also, it has been recog- 
nized that composition of the steel has an 
important bearing on the resistance of the tin 
plate to corrosion in various food materials. 
Therefore more care is needed in making steel 
for tin plate than most metallurgists realize, not 
only as to its dimensional tolerances and sur- 


face conditions, but also as to its grain size and 


chemical composition 





Cold aera a Tin Plate 


{merican Can Co. 
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the manufacturer of tin plate has profited 
unensely from the development of heavier 
eet steel for the automobile fenders and 
odies; through most of the steel making and 
ling the same procedures are involved 
\mong the various improvements, the continu 
sus cold reduction to strip is of most funda 
nental importance to the canning industry and 
deserves particular attention. 

Until the last 10 or 12 years steel sheet fol 
tin plate was “pack rolled”. Sheet bars about 
8 in. wide, 30 in. long and 0.5 in. thick were 
rolled hot through 2-high or 3-high rolls (bot! 
crosswise and lengthwise). By properly match 
ing two sheets, “doubling” 


is they were rolled thinner, 


ind eventually “redoubling \\ 

. . \\ 
into a pack of eight, with \* 
necessary reheating, the steel \ : 


was at last rolled down to 
tin plate thickness. This 
nvolved a great deal of 
irduous physical labor t 
Limitations were also. set 
upon the metal composition 
is the presence of some 
metalloids, particularly 
phosphorus, was desired to 


keep the hot sheets from 








sticking together. 

With the rapid adoption 
of continuous cold rolling of 
steel into strip during the 
past decade more and more 
tin plate has been made in 
continuous mills. These start with a coil of hot 
rolled steel strip, which is passed through four 
or five huge mills, set tandem. (Some single 


stand reversing mills are used for the same put 


pose.) A reduction of seven to one may be 
effected. After annealing for softening, eithe 


before or after shearing to tin plate size, a “tem 
per pass” is given for improved surface finish 
ind to give requisite stiffness for forming 
smoothly. A 20x28 in. finished plate is a com 
mon size. 

There was some controversy over the rela 
tive merits of pack rolled and cold reduced stee! 
for tin plate. It was soon recognized that tin 
plate from the cold reduced strip was much 
more ductile. Manufacturers of screw caps, 
closures, and stamped cans, where ductility is 
it a premium, greeted the new material as the 
greatest advancement for can making sinc 


openhearth steel superseded besseme! Vests 





Ooh corrosion resistance of the thinned phat lo 
certain food products also showed marked 
uivantages in favor of the cold reduced mat 
rial Ihe grain size of the cold reduced tin 
plate is generally more uniform and equi-axed 
(as shown by the micrographs on page 136) 
lmprovements were made in the pack rolling of 
tin plate, under stress of this competition, and 
thre original differs nces are probably not now as 
marked. In fact tin mills using the pack rolling 
method have been modernized bb adding 


automatic conveyors, automat furnaces, 
mechanical feeders and catcher tables and the 
installation of 3 high stands ol rolls lhev are 
particularly eflicient for handling small orders 
because of the flexibility of thei operations 
However, the tendency is strongly in favor 
of cold reduced steel for tin plat Over hall 
of the total tin plate producing capacity is now 

in cold rolling mills, 
ind over three fourths 


Section of of current tin plate 


Tinning Pot 


production comes from 
cold reduced plate. The 
importance of this’ to 
the can maker, and 
indirectly to the canne) 
is not only that a more 
desirable raw material 
has been made avail 
ible but that tinned 
plate may soon be made 
mn the 


rathe 


form of strip 
than as indi 
vidual sheets, with Pos 

siblv further manufacturing economies 
Phe composition ol steel used for tin plate 


varies somewhat with plant conditions and 


specifications for definite uses \s a veneral 
indication it contains from 0.05 to 0.105) carbon, 
O30 to O45 manganese, about 0.08 phos 
phorus for pack rolling or less than O.O1S': for 


cold rolling, less than 0.010 silicon if the steel 


is rimming steel, and from 0.08 to 0.05 sulphur 
Killed or semi-killed steel is still largely used 
for the production of par k rolled sheet. but the 
tendency, especially in the continuous mills, is 
in favor of rimming steel, which is considered 
cleanel! LV hie sheet also contains Varvilbls 
imounts of metallic allovs from the scrap used 
material in the 


Since singlk 


is raw openhearth furnace 


steel mav have ! 


Impuriiies | 
verv marked effect on inhibiting or promotin 
orrosion in containers used for packing foods 


thre fendene\y is te “toilor thy steel ta) suit thre 
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¢.- Making the Can Bottoms and Tops 


[- Cutting the Booly Blanks 
JUlting the Bodly Blanks 
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use. Thus metalloids, such as phosphorus and 
silicon, may be present in tin plate used for 
packing one food but must be rigidly excluded 


from containers for another product. 


Manufacture of Tin Plate 


Freshly pickled, clean sheet steel is tinned, 
or converted into tin plate, by the time honored 
method of immersion in a bath of molten tin 
under carefully regulated conditions. The cross 
section of a tinning pot is sketched on page 137; 
sheets are fed into the rolls which carry it down 
through the tin and up out through the palm oil. 
Each sheet is then inspected (both sides) by 
skilled girls, sorted, weighed and packed for 
sorting 


Automatic weighing or 


available 


shipment. 


machines are now and a few auto- 


matic inspection devices have been patented. 
The thickness of the tin coating is ordi- 
narily less than a ten thousandth of an inch on 


each side. In the parlance of the trace a “base 


box” consists of 112 sheets, 14x20 in. Common 


designations, average amounts of tin per base 
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box, and computed thicknesses of tin coating 


(each side) are as follows: 


TIN, PER THICKNESS 
BASE Box; OF AVERAGI 
DESIGNATION AVERAGE CoaATING MINIMUM*® 


Standard coke plate — 1.35 Ib. 0.00008 in. 
1. 


Best coke plate 50 0.00009 1.19 
Kanner’s special 1.65 0.000105 1.40 
Charcoal 1A 2.10 0.00014 1.80 
Charcoal 2A 3.00 0.0002 2.30 
Premier 7.0 0.00042 4.90 


*Federal Specification QQ-I-706. 

The above average figures are approxima- 
tions, since the regular output of standard coke 
plate may vary from 1.1 up to 1.5 lb. of tin per 
Also the coating is not uniform, 

Over 99% 
plate, of which by far the greatest amount is 


base box. 
of the tin plate made is coke 


standard. Charcoal plate is used to some 
extent in making tinned equipment for the 


canning industry but not for many containers. 


Tin plate is made under strict technical 


control; it is tested for thickness of coating, 


uniformity, and mechanical properties, particu- 


larly ductility. The tin content may be deter- 







mined by complete chemical analysis or by 
3-Making the Can Booies 
log a Body /anged 
ih a at both ends 
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known quick methods 


Vianufacture of Sanitary 


whereby the coating 


Cans for Packing Food- 


only is dissolved and 
News * 


S. Steel 
loss In weight meas- 
ured, or by a mag 

also, to 


method. It 
the pure tin coating and leave 


netic is quite possible, 
remove only 
the inner tin-iron alloy layer. Aside from the 
usual tensile, superficial hardness and Olsen 
or Erichsen cup bend 
developed by C. C. WiLtets (see MeTAL ProGress 
1936) 


determining behavior in can making. 


tests, a test has been 


for September which is excellent for 
In some 
plants the porosity of tin plate is measured by 
the time in hours to produce 5 ce. of hydrogen 
when a stamped sample is immersed in warm 
dilute hydrochloric acid. 

Many attempts have been made to elimi 
nate porosity, that is, the pinholes always pres- 
ent to some extent in commercial tin plate. 
None have been successful for practical appli- 
Even though no pinholes may appear 
flat the 


exposed at a few points after drastic bending, 


cation. 


on the sheet, base metal is usually 


as in seaming the cans. This is true of electro- 
deposited as well as of hot dipped plate. In 
reality the elimination of all pinholes is not as 
the 


conditions existing in nearly all properly proc- 


necessary as commonly assumed. Under 
essed foods there is no serious localized corro- 
sive attack at these points. 

As to our source of tin: All is imported 
except for a small recovery from the de-tinning 
of scrap. Most of it comes from placer mining 
in Malaya and is known as “Straits tin”, one of 
the World 
are by no means inexhaustible, but there need 
As an aid 


best brands available. resources 


be no immediate fear of a shortage. 


to users and to disseminate information per- 


taining to tin, the producing countries have 
cooperated to establish the International Tin 


Research and Development Council; its many 


technical publications are free, and to it credit 
the 
a comprehensive study of 


United States” 


article, a 


Tin 


should be given for present 
by-product of 
Plate and 

Although tin is a 


about 


lin Cans in the 
relatively expensive 


metal, averaging 0¢ per Ib. in recent 


vears, the coating on tin plate is so thin that a 
little the 


assumption that the cost of tin plate, and indi 


goes a long way Contrary to usual 


rectly of tin cans, is largely governed by thx 
the 
the 
Figured in another way, 


a No. 2 can, 


price of tin, actual cost of the tin is only 


price ol the tin plate 
the 1!, pt 


is made of about 70 sq.in. of sheet, 


about 15°‘ of sales 


can, called 


and requires 0.003 Ib. of tin in standard coke 
plate, costing 0.15¢ with tin at 50¢ a Ib 
Manufacture of Tin Cans 


General steps in making packers’ cans are 


shown in these two pages, 


reproduced by courtesy of U.S. Steel News. Of 


the diagrams on 


the many auxiliary operations, not shown, the 
most important are applying enamel and litho 
graphing the sheets before cutting and forming 
the 


astounding rate of 300 per min., yet such uni- 


Cans are made in one of these lines al 
form conditions are maintained and inspection 
is so rigid that several companies guarantee 998 
out of 1000 cans not to fail in use. 

After the body blanks are cut and stacked, 
they are fed one by one into the “body maker” 
First, notches are cut at the corners at one end 
(to avoid bunching the metal where side seam 
is crimped with the ends) and the other end slit 
a short distance back. Then the ends are bent 
sharply back in opposite directions so they hook 
together when the body is curled into a cylinder. 
This seam is then pressed down tightly; a little 


flux is applied to its outside and, as the cylinder 


4-Attaching Bottoms to Bodies and Air-Testing Cans 











Double Seamer 





Cans tested for 
air -tightness 
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Photograph, by Rittase, of Machine for Stamping and Curling Can Ends From Strips 


{utomatically Fed in Machine at Upper End. After a gummy substance is placed in 
the outer rim, the joint hetween end and body is seamed by operations sketched belou 
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passes along over a horn, the seam now at thre 
bottom — is wiped by a moving roll which is 
partly submerged in a bath of solder, carrying 
enough up to the can to seal the seam. Excess 
solder is then brushed off, the bodies cooled by 
air blast en route to a machine that flanges both 
ends outward. 

Sealing of tops without the use of solde: 
requires a gasket made from a gummy com 
pound usually based on a water emulsion of 
latex. This liquid is sprayed into the outer rim 
of a properly formed lid, and then dried so a 
gasket of resilient material remains. When the 
cover is curled over and the seam locked, this 
forms an effective seal. (The same materials 
and methods are used by the canners to close 
the can after packing.) Final testing for tight- 
ness is done on a wheel where each can is 
placed in a pocket, the open end pressed against 
a rubber pad and compressed air admitted at 
about 10 lb. pressure. Any leak will operat 
a trip which throws aside the offending can 

The manufacture of tin cans is largely in 
the hands of a few companies although their 
plants are scattered widely; The Continental 
Can Co., for example, has 50 plants in the 
United States, Canada and Cuba. American 
Can Co. is even larger in number of plants and 
volume of production. Plenty of healthful 
competition is presented by about 40 other 
companies making cans for sale. Numbers of 
paint and petroleum companies also manufac 
ture for their own use. 

‘rom the standpoint of the canning indus 
try it is very fortunate that there are a few 
large can manufacturers. Not only do the 
economies of mass production result in a low 
priced container but such companies are large 
enough to be able to afford modern active 
research departments which have aided 
immeasurably in advancing the canning indus- 
try and in furnishing the best container avail 
able for the use desired. By actually packing 
a given product in containers made from tin 
plate of various base compositions, for example, 
and observing the action under accelerated cor 
rosion conditions (such as holding at an ele 
vated temperature for months), some of the 
can companies are able to specify closely the 
type of tin plate needed for packing a given 
product. These research departments are also 
largely responsible for developing new types of 
containers as well as stronger containers. 

Canning seasons are frequently short. in 


any one vicinity, hence there is a strong sea- 


sonal demand for containers. Fortunately, the 
variety of fruits, vegetables, and other foods 
is sO great that these seasons overlap and leave 
remarkably few idle periods. This is a great 
aid in holding the production of cans and of 
tin plate fairly steady through most of the year, 
since cans are too bulky to store in great quan 
lilies. Plants of suflicient size to make a variety 
of sizes and shapes of cans for both canners 
and general non-food containers have an 
advantage in maintaining an economical bal 
ince in operation, 

Although there have been few changes for 
many years in the manufacture of packers’ 
cans, other than to speed production and pei 
fect the automatic machinery, there has been a 
strong trend toward enamel linings, and to 
lithograph the exteriors This has required 
better non-metallic coatings that will withstand 
not only any reaction with the contents, but the 
drastic forming operations without chipping o1 
cracking. Fortunately, clean, dry tin plate is 
admirably adapted for such coatings 

Growth in the use of lithographing is illus 
trated more clearly by considering the 1937 
production of 800,000,000 lithographed beer 
cans, than by referring to any one group of 
packers’ cans. There are possibilities in mak 
ing a more attractive can by lithographing than 
by using a paper label; this may overcome the 
lower cost of the latter. All lithographing and 
coating is done on the flat sheet before subd: 
vision and forming, of course. 

Cans are usually lined with an enamel to 
prevent colored fruits and vegetables from fad 
ing, or to prevent dark iron sulphide stains, 
where foods containing sulphur come into con 
tact with exposed iron at pinholes in the coat- 
ing. In place of lining cans to prevent acid 
attack on the tin plate, as commonly considered 
necessary for these products, many strongly 
acid fruits, such as grapefruit, must be packed 
in unlined cans. It is seldom that the tin coat- 
ing, which protects the underlying iron, need be 
protected in turn from attack; rather the lining 
is usually to protect the color, appearance ot 


flavor of the contents 


. _ - ‘hilitie 
Future Possibilities 


In spite of constant research on all kinds 
of materials for making cans, tin plate contain- 
ers are still regarded as the best for the canning 
industry. Interesting tests have been made with 


non-metallic or molded (Cont. on page 196) 
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IN THE TOWN OF LATROBE, Out so far on the 
»* eastern edge of the Pittsburgh industrial 
area that it is really in the foothills of the 
Appalachian mountains, are located three plants 
making high grade steel. Two of them at 
competitors in the toolsteel business. And on 
a round knoll above the town may be found two 
houses, one belonging to the vice-president of 
one of these competing concerns, Latrobe Elec 
tric Steel Co., and the other to the chief metal 
lurgist of the second: Vanadium-Alloys Steel Co 
\ stone wall separates the two properties, but 
it is litthe more than a wind-break, for an invit 
ing gate, open wide, leads a path from one 
house to another. 

No. better symbol could be chosen for the 
friendly spirit which animates Jim Gin, presi 
dent of the American Society for Metals. Chiet 
metallurgist for Vanadium-Alloys Steel Co, and 
its two subsidiaries, he is chief technical advisor 
to the management, first line of reserves to the 
salesmen in giving each customer his special 
requirements, leader of a research department 
that has published as much about toolsteels as 
ts competitors combined, mentor and friend of 
voung technicians in the plant... . . But why go 
on? Most ASMembers have met him at one 
time or another, for since the organization of 
the Society he has given at least 150 addresses 
before its various Chapters 

James Prestey Git was born in Montgom 
ery City, Mo., on Jan. 21, 1895. 


found himself graduating as a Bachelor of Se! 


Eventually lh 


ence in Metallurgy from the Missouri School of 
Mines and Metallurgy, and in the last summet 
of the World War in the pioneering electrolyti 
zine refinery of the Anaconda Copper Mining 
Co. at Great Falls, Montana, with Russe. Capies, 
a fellow alumnus (now general superintendent 
of the Great Falls Reduction Dept.). But Git 
didn’t like what he calls “wet and sloppy 
chemistry’, so he was soon back at Rolla, teach 
ng while acquiring a Master of Science. Seek 
ing a broader viewpoint in furnace metallurgy 
and heat treatment, he entered Columbia 
School of Mines in the fall of 1919, headed for 
a Ph.D. and a Rhodes scholarship. Both of 


these aims were abandoned, on advice of the 


late Prof. Wittiam Camppenn, to respond to an 
advertisement for an assistant to A. | Mac 
lant aANp, metallurgist of the ten vear old Vana 
dium-Allovs Steel Co. in’ Latrob« Within a 


mother Pas! 


few months Mackarianp was in | 


lion, and Ginn at the age of 21 had to sink o1 
swim all by himself in the uncharted seas of 
loolsteel metallurgy 

swim he did, by virtue of a dependence, 
then unique, on scientific tests rather than rule 
of-thumb tradition. Small wonder that he is an 
enthusiastic supporter of those technical soci 
elies that kept him abreast of latest develop 
ments and gave him an opportunity to discuss 
lis problems with fellow metallurgists. He was 
encouraged in this by Roy CC. Mckenna, presi 
dent of the firm, who held a firm belief in the 
future and value of metallurgical science as 
applied to the toolsteel industry and who also 
was an early supporter of technical societies, 
particularly the American Society for Steel 
lreating Depending at first on the most 
modest testing equipment, the facilities for 
investigation have been expanded into a well 
organized, adequately implemented research 
department from which have come about 10 
technical papers, chiefly in the realm of tool 
steels and spec ial steels 

dM Git was a charter member of the Pitts 
burgh Chapter @, and was its chairman in 
1926-27. He was chosen to present the first 
series ol special lectures to be given at the 
annual & convention (1931) and his notes were 
late! expanded nlo the book entitled “Tool 
delivered — the 1950 Campbell 
Memorial Lecture on “High Speed Steel, Cat 


lick Ssegregale and Grain Size” 


Steels” ac 


Likewise lv 
early associated himself with the S Metals 
Handbook, serving continuously on various sub 
ommittees and becoming chairman of — the 


llandbook 


monumental 1939 edition, giving place to Pro 


Committee which published — the 


fessor DowpreLt. when elected trustee of the Soci 
ety lo such an enthusiastic and = faithful 
member the presidency of the American Society 
for Metals is a fitting culmination 

Another historical note: In 1921 the trus 


tees of the newly merged American Society for 
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Steel Treating decided that a gold and a silver 
medal should be given to those who had pre- 
sented the best two papers during the year. 
These medals were awarded at the Detroit con- 
vention in 1922; the gold medal to Emm J. 
JanrrzKy for his paper on “Influence of Mass in 
Heat Treatment”, and the silver medal jointly 
to James P. Gua. and Lioyp D. Bowman for 
“their thoughtful and comprehensive paper on 
the ‘Metallography of High Speed Steel”. This 
was the only silver medal awarded, for next 
year the Henry Marion Howe Medal was insti- 
tuted to take its place. 

One might think from the above record 
that Jim Gitt is essentially a specialist on high 
speed steel. This is far from true — his interests 
range through the whole field of toolsteel and 
special steels. One instance of his ability is in 
the conversion of the Colonial Steel Division 
melting department from crucible to electric. 
Carbon and carbon-vanadium steels of con- 
trolled grain size had always been melted in 
crucibles with hit or miss success from the 
standpoint of obtaining the “P-F characteristics” 


desired. His first campaign with the electric 


furnace rendered 90% of the heats within speci- 


fication limits as to grain size and hardenability. 

GILL’s success, technically, is due in large 
measure to an ability to interpret the funda- 
mental scientific principles in terms of a prac- 
tical approach to an ideal situation. He never 
takes a short cut when quality is at stake. [le 
is tolerant of other men’s ideas; he can see their 
viewpoint—even when talking to a customer 
with a questionable claim. 

His success, humanly, comes from this tol- 
erance, and an abiding confidence in the ability 
and honesty of his younger assistants. He was 
married in 1922 and has two children. Once a 
fair tennis player, he long since found that 
traveling 35,000 miles a year has ruined his 
game. It doesn’t even permit him enough prac- 
tice to get out of the dub class on the golf links 
at Latrobe Country Club. His real recreations 
come from following a pack of dogs after small 
game and from planting and caring for the 
shrubs around his spacious lawn. Here may be 
found all those plants indigenous to the region, 
and some so exotic they would perish under 


less skillful care. S 





Devising a Smaller Auto Transmission 


By G. L. Rothrock 


Abstract of a paper for American Gear Manufacturers Asso., May 1939 





& CADILLAC motor cars were pioneers in the 
silent transmissions or gear shifts intro- 
duced eight years ago and now used on most 
passenger automobiles. Many manufacturing 
problems arose, and since litthe was known about 
the strength and durability of the helical gears 
their size was larger than that of their predeces- 
sors. The transmisston weighed 150 lb. and was 
designed for 250 ft-lb. torque. As a result of 
detailed study of design, improved standards of 
accuracy due to honing and lapping of gears, the 
transmission on Cadillac and LaSalle cars (weigh- 
ing up to 5500 Ib.) now weighs only 76 Ib. and is 
designed to transmit 300 ft-lb. torque without 
trouble. A brief account will now be given of three 
vears’ work that led to the present design. 
Automobile transmission gears must operate 
quietly and without breakage, but under full load 
only a small percentage of this time. We know 
from experience that if a unit under laboratory 
test conditions will transmit full torque for the 


equivalent of 140 miles in low, 420 miles in second 
and 560 miles for the constant mesh gears, we will 
probably have no trouble with it in service. 

Early tests were run in low gear with input 
of 250 ft-lb. torque. Minimum life permissible 
(corresponding to 140 miles service) was 2.6 hr. 
Failure in the low gear in seven tests occurred in 
from 5.5 to 8.2 hr. and always started in the fillet 
at the front end, showing definitely that the load 
had been highly concentrated there. 

It is interesting to note that the design had 
provided a long tooth face to carry the load but a 
shorter one would have done as well. The first 
thing that was done was to strengthen the case by 
replacing a pressed sheet cover with a stiffer cast- 
ing, thus preventing some distortion and movement 
in the alignment. Three tests then showed an 
improvement of 64 in gear life. Changes were 
then made to improve the “contact pattern” (area 
and position of surfaces of contact between driving 


and driven teeth), notably by re-lapping the teeth 
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to give a more generous area In bearing under light 
load at the rear end of the tooth 
gears Should have meshed at the center. but actu- 
ally as Shown by the failures came in contact 
at the front end. These changes further improved 
gear life by 85 and the sets ran 20 hr. 

Up to this point we had used gears cut in our 
experimental shop and lapped on a machine of out 
own design. Since production gears usually show 
increased life, due to less distortion in heat treat 
ment, three factory made transmissions wer 
tested and ran 12, 14 and 20 hr. respectively The 
minimum requirement of the low gear, as previ 
ously stated, is equivalent to 2.6 hr. on our test, s 
that we now had a minimum factor of safety rati: 
of 12 hr. to 2.6 hr., or 4.6 to 1 

Similar tests were made in second geat Life 
was no better than in the first low gear tests 
although the tooth alignment seemed to be bette: 
as was indicated by the wear pattern on the tooth 
surfaces) Tooth fracture started at the acute 
angled front edge; to get additional strength here, 
be in. of material was added, and this more than 
doubled their life. 

As the weak members of the transmission 
were progressively strengthened, failures began to 
occur in another location, this time in the clutch 
connection gear. Fractures were similar to thos 
of the countershaft head gear, but they started in 
the fillet at the rear end of the tooth. The solution 
seemed to be to improve the alignment by strength 
ening the clutch gear shaft against bending, by 
increasing the diameter *, in. Two tests of 26 and 
20 hr. duration then gave us an ample factor ol 
safety over the 7-hr. minimum requirement. This 
transmission was used in all 1937 Cadillac and 
LaSalle cars with the exception of the V-16 

While a factor of safety of 4.6 to 1 (based 
on average time of failure to minimum life pet 
missible) may seem to be much greater than neces 
sary, it actually is not so excessive, as is shown by 
the “scatter” of our test results. For example, the 
life of one head gear shown was something beyond 
26.5 hr., while that of another was 7.25 hi 

Since the design must be judged on the life ot 
the poorest gear, it follows that the life of the best 
gear is many times as long as need be It als 
follows that if we could prolong the lite of the 
short-life gear we could safely increase the torque 
handled by the transmission. 

The problem seemed to be to reduce the ma\! 
mum stresses that were responsible for the fatigue 
failure of teeth, overloaded because untimely con 
tact was made at ends or edges. For many years 
we have made dynamometer tests on rear axh 
gears, and are able to predict the gear life with 
Sreater certainty Consistency of test results 
within a range of 2 to 1 was possible for several 


reasons We knew that to obtain the longest life 


Theoretically the 


| axles, the tooth contact pattern on the spiral 
bevel gears must be such that it extends over nearly 
the whole tooth surface when under maximum 
ad, and that a contact located toward the larger 
end of the tooth always resulted in earlier failure 
We also knew that full tooth contact under load 
uld only be had if the gear and pinion dellections 
under load were relatively small and, consequently, 
very definite limits were established 
However, spiral bevel gear teeth allow tor 
slight misalignment without concentrating the load 
at the extreme end of the tooth. Helical gear teeth 
do not have this advantage of design, so that a 
smaller error in tooth alignment results in extreme 
‘oncentration of the load at the end of the tooth 
Efforts were then devoted, quite successtully, 
lo the problem of alignment Analysis indicated 
that deflections of a gear under load may Il 


expressed in terms of three separate displace 


ments, but fortunately gear tip or angular dis 


placement of the axes is the only one that gives 
trouble The angular displacements were then 
actually measured and found to have a definite 


relationship to the life of the gear 

In the improvement of this transmission to be 
suitable for the Cadillac V-16 motor, the torque 
was stepped up to 300 ft-lb. and the former series 
f tests in low and second gear repeated, but in 


this case special attention was given to the tooth 


contacts. Only rear contacts were used no front 
contacts being allowed These varied from one 
half the tooth length to nearly tull length, and 
were sketched under light load with the gears 


assembled in the case Having these pictures, we 
were able to compare the length of contact with 
the resulting life of each gear In this wav. the 
best length of contact was determined 

rhe relative value of controlling this contact 
may be seen by two groups of low gear tests on 
production-built) transmissions The mintmum 
life without contact control was o.o hr. whereas 
the minimum life with contact control was 10 
hr.. which amounts to 100 improvement \s 
previously stated, the minimum allowable life ts 
2 6 hr. so that with 10.7 hr. minimum, we have 4.4 
times the minimum life This compares favorably 
with our former safety tactor of 4.6 


fFooth contact specifications were drawn up 


from these tests and have been used in production 
for over two vears They have been met by two 
steps in the manufacturing process which deserve 
special mention namely shaving and lapping 
Shaving nol nivy removes tooth errors but alse 
produces a good finish Most of the fine corres 
tions for helix angle are accomplished here Ihe 
lapping machine corrects heat treatment w irpage 
tooth contact length may he iltered by changing 
the stroking, so that the « ter of thre lap is either 


rhove 7 hel \\ thy, center ; thy ely le rs} 
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{n improved method of polishing specimens to preserve inclusions was 
Annaler in 1937 


Vr. Liedholm has prepared this version and 


published in Jernkontorets 


lographer Kurt Amberg. 


the eminent metal- 


interpretation after correspondence with author and various manufacturers 





Metallographice Grinding With 


Abrasives Fixed in Lead Disks 





WHETHER SUSPENDED in a liquid or not, 

loose abrasives tend to erode a surface 
being ground or polished. The result is the 
enlargement of scratches from preceding 
coarser abrasives, as well as of existing cavities. 
For example, slag inclusions cause the forma- 
tion of pits in three different ways: (a) If softer 
than the abrasive, the inclusions wear faster 
than the matrix; (b>) if glassy, the inclusions 
may be crushed; (c) if harder than the abra- 
sive, they tend to be pulled out. 

During grinding, the harder inclusions at 
first stand out in relief. The edge leading in 
the grinding direction gathers loose abrasive, 
which is gradually fed out on both sides, caus 
ing “star” or “comet tail” pits — depending on 
whether or not the specimen is rotated during 
grinding. Either action will eventually dislodge 
the inclusion. (Large, brittle particles are often 
damaged during coarse grinding, and are dis 
lodged at a later stage.) 

These shortcomings in the usual methods of 
metallographic polishing, especially when the 
object is to reveal the slag inclusions, are aggra- 
vated through the use of liquids, though not 
eliminated by their omission. A wet parattin 
grinding and polishing method was described 
by the author in 1928, but it was soon abandoned 
because of difliculties with pitting and rusting. 
When grinding dry, insuperable difficulties were 
encountered in gaging the amount of abrasive 
added, so as to avoid pitting. Experiments with 


a lead disk were equally unsuccessful 


However, these experiments led to the con 
viction that for high grade results the abrasive 
must be held in a fixed position on the lap, 
which must be sufliciently though not exces- 
sively hard. The efliciency of fixed abrasives 
declines rapidly, because the hard grains are 
pushed into the matrix material, are torn loose, 
or the interstices between the grains become 
filled with the products of abrasion. The abra- 
sive binder must therefore be such as to facili- 
tate frequent re-dressings of the abrading 
surface. Many attempts led to the adoption of 
a steel varnish, No. 2940, made by Alfort & 
Cronholm of Stockholm, Sweden. As used here, 
diluted with benzene, it dries in less than one 
minute -—an important desideratum. 

Other abrasives tried were discarded for 
the American Optical Co.’s brand “Wellsworth”, 
and a fine tungsten carbide powder, whose high 
cost (about $10 per Ib.) is more than compen- 
sated for by its great durability. The general 
scheme of sample preparation is as follows: 

Stage 1. 
preferably with recessed center. The Carborundum 


Coarse grinding on an emery wheel, 


Co.’s Aloxite Brand aluminum oxide AA wheel, 
60A-0-176 or Norton's 3860 KB, are recommended 


Stage 2. Lead lap carrying emery, Wellsworth 





By Kurt Amberg 


, : — : 
ransiated and abstracted by ( \. Lied! 


y 


' } } , 
Metallurgica Ena neer Jessop Slee! ( 


Washinaton. Ps 
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See. 


302 (grain size: 100, max.; average about 40,, or 
0.040 mm.). 
Stage 3. 
303 (grain size: 50, max.; average about 25, 
Stage 4. 
“Seco” brand, obtainable from The Swedish Stee! 


Lead lap carrying emery, Wellsworth 
Lead lap carrying tungsten carbide, 


Mills’ representative in New York. Its grain size is 
less than 4y, and inquiries have indicated that 
{merican tungsten carbide powder of this fineness 
is not now available. 

Stage 5. Polish on cloth with alumina 

Coarser emery or Carborundum 220 can 
also be used directly following the emery wheel, 
and thereupon a coarser tungsten carbide fol- 
lowed by the finest powder. This practice is in 
use at the Metallographic Institute in Stockholm. 


Preparation of Lead Laps 


lo prepare the laps molten lead is poured 
on a foundation of cast steel, and confined 
within a conical ring fitted around its rim to 
form a mold for the casting. The assembly is 
shown in the first sketch. The face of the steel 
disk should be tinned for good adherence of the 
lead, and, for similar reasons, should be pro 
vided with a low shoulder about two thirds of 
a radius from the center. Commercial lead is 


satisfactory; after casting, the surface is kept 
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Steel Wheel Used for Foundation of Lead 
Lap and Method of Casting the Latter 





molten for some time with a bunsen burner to 
Minimize pipe 
Upon machining, the assembly should be 


turned on a cone center, but should never be 








Lead Disk H ith Necessary {ccessories for Pre- 
paring the Lap, Namely. Bottles of Abrasive 


Powder, Varnish and Benzene. and a Soft Brush 





chucked in the lathe Finishing requires a 
minimum feed; burrs must be completely 
removed, and the surface finished quite smooth 
All porosities removed, a 0.5-mm. deep spiral 
groove (0.02 in.) spaced 2 to 3 mm. (0.08 to 0.12 
in.), extending from the periphery to the cente 
of the lap, is cut with a threading tool. Recut 
ting of used laps requires Widia or other car 
bide tools; completely remove the groove and 
then recut 

Before coating, the lap is cleaned from 


yrease and lead chips. Coating of a 12-in. lap 


requires 3b too of abrasive ind 1 to 3 ce. of 


varnish. Abrasive is scattered over the hori 
zontal, stationary lap, after it has been mois 
tened with a benzene-dipped brush; the varnish 
is then added \ soft bristle brush about 1 in 
diameter is suitable; it is ke pt suspends d in the 
corked benzene bottle when not in use Chem 
ically pure benzene is required. The lead disk 
and the accessories, ready for use, are shown in 
the accompanying halftone. The use of a blower 
to dry the abrasive binder is recommended; the 
binder should dry in a minute or less, and it 
must be quite dry before being used 

When hard laps are 


used, flat emery taces are Imperative for the 


(oa©rse @;ril aingd 


preliminary work, else the time required for 
fine grinding is inordinate Use of a mechani 


cally operated diamond po nt is recomimie nded 
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for accurately dressing the emery wheel; an with the finest re-levigated magnesium oxide or 
arrangement for flushing with water during re-levigated green chromium oxide (Cr.Qs,). 
dressing, as well as during grinding of the But the best final polishing should be done as 
specimen, is also desirable. 


Fine Grinding Hand grinding a 


*.-in. specimen on a stationary lap will ——————— «S| — 














wear off the abrasive coating after 50 nem eeerssr ae: 

. . a 
to 100 evenly distributed strokes, ——— aaa 
whereupon the coating is renewed SSS—SS—ESS 








merely by touching up with the ben- 








zene-moistened brush. Thus’ the 
abrading surface is re-dressed, and the 


abraded dust simultaneously re-bound. 














New abrasive may be added as indi- 




















cated by experience. Regardless of the 






































grade of abrasive, each abrading sur- ——— ——— 
face should hold all grains well fixed; ———— _ Se 
if they are loose, more varnish has to = = — 
be added. A sticky surface indicates [SSS 7 

an excess of binding substance and the = — ~~ 








remedy is additional abrasive. Acci- 
dental denting of the soft lead lap is {ppearance of Scratches and of Slag Inclusions, Magnified 1000 
Times, in Iron (Above) and Hardened Eutectoid Steel (Below 
ifter Fine Grinding on 000 Emery Paper (Left) and on Lead 
Disk With Seco Brand Tungsten Carbide Powder (Right) 


inconsequential if the edges of the 
dents are shaved smooth, below the 


general surface. 


























Polishing on stationary or rotating —= Ee 
lap is optional. If a rotating lap is es | 
used, the speed should decrease with —— 
the abrasive grain size. Recommended = “ a 





speeds are given as: 


RI ee 
ABRASIVE SPEED, B.P.M. | 























Emery, 302 300 a meaememee 
Emery, 303 150 — —_ 
WC powder 50 a 
ee ———— 

a — = ———- 
The method has been in use since ' ee 
TS 


1951, giving good results in the most 








diflicult slag studies (even though it is 














far from the ultimate in perfection). —- - 
Micrographs at right illustrate the —————— = 





startling difference in’ scratches 





between OOO paper and fine tungsten 
carbide powder, as well as its 
improved action on the inclusions. 

quickly as possible, especially if wet polishing, 
Polishing for the resulting rust has actually been mistaken 
at times for structural phenomena, such as the 
Even a practically scratch-free, ground sur “oxv-pearlite” reported in cast iron. <A’ few 
drops of ammonium hydroxide, or 50° alcohol 
added to the water will correct this condition. 


Edges tend to polish first on cloth polishing, 


face is inadequate for structural studies, since 
it is always attended by some cold work and 


heat tints on the surface which can be removed 


only through polishing on soft material, usually resulting in their rounding. If the cloth-covered 


with a liquid suspension of sufliciently fine lap is given a slight convexity, about 1 mm. in 
abrasive. German alumina, Tonerde, is used 200-mm. diameter, 
almost exclusively in Sweden for final polish- entirely eliminated. 
samples ground on lead laps, which give sharp 


rounding can be almost 
This is especially true of 


ing. It gives a finish comparable to that obtained 
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edges; with paper-ground samples, a convex 
polishing lap is useless since the edges become 
somewhat rounded during grinding. 


Summary 


In comparison with emery paper the lead 
lap method of fine grinding has the following 
advantages: 

1. A very flat surface is obtained to the 
edge of the specimen and grinding therefore 
proceeds faster. 

2. The abrading surface may be quickly 
renewed. 

3. Finer abrasives may be used, and the 
polishing therefore requires less time. 

1. The method is cheaper than the use of 


emery paper. 


A Note on the 
Depth of the Disturbed Layer 


Attempts were made to measure the depth of 
the scratches and underlying cold-worked metal 
Such data are important to guide one in the study 
of metallurgical structure. 

In these experiments, surfaces prepared up to 
stages 1, 2, 3, etc. were ground against the curved 
surface of a stationary lead cylinder, 5 in. diameter, 
prepared with Seco powder, so that a smooth, shal- 
low groove was cut across the specimen In a direc 
tion perpendicular to the existing scratches. Atte 
cutting this groove and slight etching, the depth of 
cold work within the crystals in the direction of the 
scratches under consideration was measured with 
an optically plane glass and sodium light 

By this means the following approximate 
values were obtained for the depth of the cold 


working effect on mild steel 


Emery wheel 60A-0-17!| 


(coarse grinding) ibout 20 Depth of Disturbed (Cold-Worked) Metal 
Emery 302 1.5 ; 
Emery 303 1.0 - . s 
rungsten carbide powder 0.7 
New emery paper, 0) 2.0 
New emery paper, 000 l.. \ < aa 

\itempts to measure the depths of th } | 
scratches only gave unsatisfactory results, but j 
their depths are estimated to be about half the vi 
corresponding figures above. . . . 

ABSTRACTOR’S Nom! The accompanying ’ sak, ; | N 
sketches show the method of preparation and 
examination. The very small, wedge-shaped open ; . 
ing between under side of the cover glass and the A | ‘ 
edge of the evlindrical depression will cause inter ee 4 } i — 
ference fringes in reflected light, which may b 7 _ y | _—" 
observed under the microscope. Such interferenc: A | ] 
fringes depend on the difference in the length of J f er , 
the path ol light waves reflected il the glass-a = y 

‘ — ~ “a 
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boundary, and those reflected from the surface ol 
the metal. The number N of light fringes will be 
equal to 2tcosi—l, where ¢ is the thickness of the 
air film, ? the wave length of the light used, and | 
the angle of refraction which is zero for perpen 
dicular light 

{mount of material abraded may be conven- 
ient to know when regrinding to study the depth 
of defects or dimensions of structure normal to 
the polished plane. This was estimated by optical 
methods (interference fringes) in a comparison 
with gage blocks, and by optically measuring the 
depth of the indentation left by superficial hard 
ness tester. When grinding is by hand, and the 
lead lap re-dressed with benzene-moistened brush 
after the length of these strokes totals 10 meters 
it is found that the depth abraded and the length 
of the strokes have a linear relationship, while 000 
emery paper rapidly decreases in its cutting powel 
with use. For a total length of strokes equal t 
10 m., corresponding to about 49 sec. grinding time, 
the following results were obtained on 16-mm., dia 

) 


specimens (2 sq.cm. area) of iron and hardened 


0.90 straight carbon steel 


IRON STEE! 
Emery 302 Ytol 6 to 10 
Emery 303 {to 6 {to bu 
seco 1.5 to 2.5 0.5 to 1.0 
000 Emery pape! 12 tod vtol 
For hardened steel, a lead disk charged with 
302 emery when frequently re-dressed as 
described above is almost twice as tast as VOU 
emery papel Even at the beginning the latte 
abrades Su in 10 m. of strokes, but the rate rapidly 


drops to 1 


ES AE eS A I a RY 
Vethod of Grinding Shallow Cylindrical 
Groove in Partialls Prepared Specimen, 


and l se of Interference fringes to k:stimate 
























































These Four Smart Die Castings Are the Focal Point of Interior Styling on the 1940 Oldsmobile. The 


radio grille, with matching die cast inset forming an ash receiver, are plated; the two side panels form- 


ing the instrument frame and glove door are also plated to provide the bright integral moldings, but the 


remaining surfaces have a contrasting grained finish to harmonize with supporting steel sections of the panel 
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Of all developments in the non-ferrous industry, the production of 


zinc of great purity, its alloying for use in die castings. and the 


continued grouth in size, variety and number of such castings used in 


industry is most notable. The result is prominent in today’s automobile 





Modern Die Castings 


for Modern Cars 





AMERICAN MOTORCARS have long been, and 

continue to be, paramount examples of 
products designed for economical manufacture 
in large quantities. But in recent years they 
have also become outstanding for smart styling, 
without which the quantities manufactured 
undoubtedly would be much smaller. For today, 
the American public has become definitely style 
conscious. The products it buys from the metal 
working industry, as well as from many othe 
industries, have to be aesthetically satisfying to 
attain maximum success — besides, of course, 
performing well the utility functions for which 
they are designed. The latter necessitates good 
engineering and the ability to adapt the design 
fo economical manufacturing methods. 

Since the automotive industry is a recog- 
nized leader in styling, in economical manufac 
ture and in good engineering practice, it Is 
natural that its lead should be followed in 
other branches of metal working. It is instruc 
tive, therefore, to study the reasons why it 
employs the type of metal product to be consid 
ered here, and then to inquire whether or not 
similar practice can be followed with advantage 
by other manufacturing industries. 

Naturally, there are sound reasons why the 
automotive industry is the largest user of dic 
castings. It uses this large tonnage not only 
because it builds a prodigious number of vehi 
cles, but also because the number of die castings 


per car is large and many of the castings are ol 


considerable size If one goes further into the 


matter, however, the basic reasons include the 
following: 

1. Die castings are economical to produce in 
large quantities with a moderate investment in 
equipment and in tooling 

2. Die castings require a minimum of machin 
ing, partly because they can be held within close 
dimensional limits, especially for a cast product, 
and the variation in the dimensions as between 
many thousands of castings (or as long as the die 
remains in use) is unusually small 

3. Die castings lend themselves to production 
in a wide range of shapes and with niceties in detail 
not readily duplicated by other means 

t. Die castings are available with surfaces so 
smooth that the finishing processes, such as plat 
ing and enamelling, are expedited and the cost 
thereof is minimized 

» Die castings are resistant to corrosion and, 
in particular, are not subject to the red rust encoun 
tered in ferrous products 

6. Die castings possess good physical proper 
lies, among them toughness (high impact strength, 
especially in the alloys most used) superior to 
most of the more common low-cost cast metals 

7. Die castings can be produced in remarkably 
thin sections with correspondingly light weight 


8. Die castings, partly because they !end them 
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selves to production in complex forms, can often 
be produced in one piece where otherwise two or 


more pieces would be needed and involve extra 


assembly costs. Also, certain details in design, 


feasible in die castings, facilitate their assembly 
to mating parts. 

This is not the complete list of advantages, 
but it is an imposing one and accounts for the 
large use of die castings in passenger automo- 
biles. It is significant that, although the advan- 
tages listed may appear to lay special emphasis 
on economic factors, they have important bear- 
ing also on engineering and aesthetic factors, as 
will shortly be made clear. Before this is done, 
however, it may be well to mention the types of 
alloys used. 

Precise data on relative consumption are 
lacking but it is probable that 90% of die cast- 
ing tonnage going into passenger cars is in zinc 
alloy. The zine alloys are not only lowest in 
cost per pound but also per casting. Moreover, 
they are easiest to cast; are likely to be the 
smoothest, when this is a requirement of impor- 
tance; are readily plated; can usually be cast 
in thinnest sections; and have high impact 
strength as well as other good physical proper- 
ties. Alloys based on aluminum and on mag- 
nesium are lighter, of course, but may cost more 
per casting and have lower strength, especially 
impact strength. Die casting costs are usually 
higher than for zine alloys. Alloys based on 
copper and usually referred to as “brass” are 
the strongest of all types but also are highest in 
cost, most difficult to cast and involve highest 
die costs. 

As a consequence, relatively few aluminum 
alloy die castings are found in passenger cars, 
still fewer of magnesium alloy, and copper alloy 
die castings in almost negligible quantities. 

Die cast parts which are usually classed as 
“mechanical parts”, and which the purchaser of 
the car does not often notice, were among the 
earliest to be used. They have continued to 
increase in utility and number, but now account 
for a smaller tonnage and number of castings 
than do exposed parts. The latter serve both 
structural and aesthetic functions, and some of 
them are also properly classed as mechanical 
parts. These hidden die castings are perhaps 
so well known as to require no extended com 
ment, but they include many details of carbu 
retors, fuel and oil pumps, fillers, windshield 
wipers, oil seals, transmission and brake units, 
instruments, locks and latches, window regu 


lators, horns. Such parts are no longer an engi- 


neering problem, as they rarely give trouble in 
service. They are taken for granted. Neverthe- 
less, their present forms represent marked econ- 
omies over parts of other types which might be 
substituted were they capable of equal economy 
in manufacture and equal dependability. 

Many of the castings which serve structural 
and decorative functions are also taken for 
granted, to a large extent, by motor car designers 
because their utility has long been recognized. 
In other parts of this kind there is still competi- 
tion, especially with stamped steel, and design- 
ers have to weigh not only the economic factors, 
but also the significant if less tangible matter of 
appearance. Considered as a group, designers 
outside the automotive field perhaps have more 
to learn about exposed and decorative parts 
than they have about mechanical parts. In any 
event, consideration of specific cases should 
prove profitable. 

Take, for example, the modern headlamp 
bezel. For years, such parts have been largely 
stamped or spun from sheet metal, as_ they 
presented only circular surfaces. Many are 
stillso made. But, today, the headlamp is being 
recessed into fenders. Style calls for smooth, 
well rounded contours and the elimination of 
projections — “streamlining”, to use a much 
abused term. This necessitates a bezel no longer 
circular and one which must mate with warped 
surfaces at odd angles. They can be stamped, 
but they involve complex dies costing a great 
deal; variations in spring-back also make it diffi- 
cult to secure good fits (in other words, to hold 
dimensions within close limits). Details of fasten- 
ings and mounting of glass parts also involve 
complexities and extra parts to be fabricated 
and assembled if stampings are used. Again, 
the stylist usually decrees a plated finish and, 
if this be applied on steel parts exposed to 
weathering, there is unsightly red rust sooner or 
later. Non-ferrous stampings are too costly, so 
the automotive designer turns, in most instances, 
to a die casting. 

He gets such a casting in a section almost 
It has 


integral mounting parts which reduce assembly 


if not quite as thin as a stamped bezel. 
costs. Although production of the casting 
machine may be slower than the automatic 
press, the die cost is lower. Castings are accu- 
rately sized and always the same. They have 
exposed surfaces so smooth that little if any 
vrinding is required; bufling usually makes it 
ready for plating. Such operations do not cause 


the piece to go out of shape or show up ripples 
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he Horn Ring and the Hub, With Its Steel Spoke Inserts, Merge Into a “Tear- 


ET, op” 


sturdy structure shaped to the queen's taste. Other adjacent parts are also die cast 





Steering Wheel Is Another Smartly 


Hub With a Neat Plastic Cap. 


or draw marks, as stampings are prone to do, 
Naturally, with all these 


items in its favor, the die casting gets the call 


and plating is easy. 


Right next to the headlamp bezel is_ the 
radiator grille, which is not only a larger part, 
but more complex and more expensive. Only a 
few vears ago, all grilles were stamped, although 
a few had die cast frames. Today, the situation 
is reversed. Only a few stamped grilles remain 
and, with certain minor exceptions, in cars of 
the lowest price brackets where extremely large 
heavy tooling cost 


production warrants the 


which alone makes it possible to produce a 
stamped grill approximating the fine appear 
But, 1940 


models in the lowest price group, Ford, Stude 


ance of the die casting. among the 
baker-Champion, the lowest priced Hudson and 
Willys all have die cast grilles. In cars in the 


next higher price brackets, only one make 
retains a stamped grille. 
sane as 


Reasons for this shift are much the 


outlined above for headlamp bezels. In this cass 
the saving in dollars in tooling is much greater, 
although perhaps the percentage saving may be 
about the same. Quite likely the piece cost for 
the stamped grille is lower but that extremely 
potent factor, “appearance”, alone justifies this 
difference. 

It is hard to define precisely the reasons 


iy aS 


whv the die cast grille does look better, but 
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Fashioned Interior Part in 


Die castings in zinc alloy help to build a 
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partly because relatively sharp 
make for 


It is not feasible 


(square) corners 


trimmer lines 
to bend sheet metal to an out 
side corner with radius less 
than the thickness of the sheet 
the grille be 


stamped in one piece or even 


Likewise. if 


in two to four pieces, it Is hard 


to conceal edges which have 


been sheared Rolled sections 


are sometimes used, but then 


an assembly problem enters 


Chevrolet has done an out 
standing job in stamped grilles 
sections in one 
doubt 
costing much more than would 


built in 


having majol 


piece, but no with dies 


be justified on cars 


Which 


small quantities. Some auto 


mobiles, Nash and LaSalle for 


example, have the main grille 


section die cast in one large 
piece. Most cars use smaller 


grille castings, usually two sec- 


tions for the radiator grille and two, or more, 
additional for fender grilles. 
Hudson employs a built-up die cast grille, 


assembled from 14 sections, but, as many are 
if 


duplicate castings, die cost is probably low; 


increased 


may be offset to some extent by 
assembly costs. Small units facilitate casting 
in light sections The 1940 Deluxe Ford V-&8 
grille, cast in two moderately sized pieces, 
weighs only 6°, Ib. for the pai This shows 
what can be done if low weight is an objective 
Until this vear’s models were announced, 
all die cast grilles had been plated and most of 
those used on 1940 models are so finished his 


IS partly because the radiator and fender grill 


has become thr d stvling 


and the highlights of 


~ 


“color” ol 


focal point in front-« 
a plated surface catch the 
a plated surface is also a 
Phis 


(not to be confused with 


eve Lhe 


pleasing contrast against any body color 


vear the Ford V-S grille 
the Deluxe 


Oldsmobile Six 


Ford) Is enamelled Ih body colo 


grilles are similarly finished, 


ithough trimmed with some plated moldings 
ilso die cast The Ford V-8 uses enamelled 
headlamp bezels, but the Deluxe Ford grille and 
headlamp bezels are plated This is true of 


most other cars Some tail lamps and some 
othe Z1n¢ alloy castings ¢ \posed to weathering 
have long been produced with enduring enam 


( lhe ad finishe Ss 
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Space for more than a brief reference to 
other external die cast parts in general use Is 
lacking, but such parts as hood and body mold- 
ings (up to 60 in. long), hood louvres, “prow” 
moldings and ornaments, running board fittings, 
name plates, complete license lamps and direc- 
tion signal fittings, exterior hardware are all 
being used extensively. Most of these are promi- 
nent styling items readily produced in attractive 
and widely varying shapes to fit any surface, 
and often with fasteners integral. They have 
much to do with the fine external appearance of 
the modern car. 
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radio grille would be likely to look “tinny”, be 


so thin as to vibrate through resonance, and 
involve a large tool cost. Die castings avoid all 
these drawbacks. Some glove door or instru- 
ment frames are stamped, but they lack solidity 
and, usually, fine appearance. Consider the con- 
venience: A glove door may be die cast in one 
piece with hinge parts, clock mounting and lock 
bosses integral if desired. The stamped door 
usually has to be made with inner and outer 
shells and other parts separate, each piece 
requiring its own dies and separate assembly. 


Die cast instrument panel parts often have 


Increased Eye Appeal Is Attained in 1940 Ford by Die Cast Radiator Grilles (Used 
for the First Time by One of the “Big Three” 


The Ford Deluxe, here shown, has plated 


grilles weighing only 6°4 lb., and handsome nose fittings similarly cast and finished 


When it comes to interiors of bodies, the 








die casting again shines —in more ways than 
one. The focal point of the interior is the instru- 
ment panel and, although the panel proper is a 
steel stamping, it is almost invariably replete 
with die cast parts, including the radio grille, 
instrument frame, glove door and moldings. 
Smart styling and economy in construction are 


the primary reasons for such use. A stamped 


recessed surfaces with grained finish and raised 
moldings in contrasting plated finish, yielding 
the required harmony with adjacent parts but 
adding a unique smartness. Not a few combine 
enamelled and plated areas with pleasing 
results. Castings are often combined with small 
molded plastic parts and, in a few instrument 
panels, plastics have been substituted in fairly 


large size, though seldom with equally satisfac- 
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tory results, for the plastic lacks the strength of 
the die casting. Some makers who have tried 
plastics for large instrument panel parts have 
returned to die castings. Plastic moldings aré 
weak unless they are reinforced by metal, and 
dimensional tolerances are more generous. 

Many other die castings are used for int 
rior fittings, including door handles and window 
regulator cranks and knobs (although plasti: 
knobs are popular today because of their attrac 
tive coloring). Many cars now have several di 
castings on and around the steering column and 
these, too, enter the styling picture. Most makes 
use steering wheel hubs which are die cast in 
zine alloy and some have cover portions around 
the hub also die cast. Some hubs have steel 
spokes cast in place and others make use of 
spokes of stainless steel wire inserted after cast 
ing. In both types, a steel rim is applied and is 
covered, as a rule, with molded plastic which, 
being thus reinforced, serves its purpose well 
Horn rings are nearly all die cast, spokes 
included, as this results not only in favorable 
shapes, pleasing to the eye, but in a one-piece 
unit, avoiding assembly cost of built-up rings 

selow the steering wheel some cars use a 
die cast gear shifting lever or one having die 
cast parts, such as the housing around the inne! 
end of the lever. Some include recesses for 
direction signal control. Thus, the assembly 
carried on the steering column often consists 
largely of die castings and is second only to the 
instrument panel as an interior styling feature 
For 1940, some makers give up the flexible spoke 
steering wheel in favor of a more rigid type, but 
retain the die cast hub. Often the horn button is 
a molded plastic, matching the rim. 

Heaters are among the important interior 
vccessories. Some heaters have the entire hous- 
ing die cast in thicknesses of 0.040 to 0.090 in. 
and some also have the blower and fan housing 
die cast, besides which several fittings are also 
so made. 

Instances similar to those cited above could 
be multiplied, but it is apparent that the die 
casting has grown in importance in motorcar 
use for excellent reasons. Although conditions 
are not identical in other types of product manu- 
factured in quantities, many of the requirements 
are so nearly parallel that the die casting pre 
sents almost the same advantages. To deny this 
is merely to close one’s eyes to developments 
which have already taken place or are in proc 
ess. Although all industries could profit by 
further study of automotive applications of die 
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castings, it is not unlikely that some already us« 


more die castings, in proportion to thetr siz 
than the automotive industry does. In fact, as 
the physical size of the particular product 
decreases, the proportion ol die castings which 
can be used effectively is likelv to increase 

It should not be concluded from this briet 
outline that the increased use is entirely at the 
expense ol othe types olf parts, o! that it ts 
likely to crowd them out of the picture, Each 
class of produ t has its own peculiar set ol 
advantages and the choice between them usually 
hinges on a variety of considerations Where 
there is a chance for a difference of Opinion a: 
to the suitability of one or another, the designe! 
should weigh the evidence on all sides and be 
guided accordingly. There certainly are many 
cases In which designs might be improved and 
cheapened, were the substitution of die castings 
given due study. Even the most experienced 
designer may be mistaken, especially if he takes 


vsranted and fails to take note of 


too much for 
the inherent merits of different tvpes of parts 
likely to fulfill his needs most acceptably. Rela 
live costs naturally have to be given due weight 
But, as has been pointed out, betler appearance 
reduction in the number of parts, ease of finish 
ing and assembly and good resistance to corro 
sion also are among the factors often prompting 


the choice of die castings. None of them should 


be overlooked In the final decision. S 

























With Quality About Equal, Choice of Material for Horns 
Depends on Cost. Hou could such a part, complete even lo 


self rivets, be more elegantly made than by 


die casting * 



























Vetallurgists of scientific propensities are attempting to correlate 
and systematize the facts known about the arts of extrusion, wire 


making, sheet rolling, stamping and deep drawing. A recent series 


of meetings in Pittsburgh took stock of the present situation 





The Cold Working 


of Metals 





Durninc the week of December 4th, 1939, 
ye the Department of Metallurgy and the 
Metals Research Laboratory of Carnegie Insti- 
tute of Technology sponsored a series of nine 
lectures on the cold working of metals. The list 
of those presenting these lectures was indeed 
impressive, and it is doubtful if such a “board 
of experts” on this subject was ever before 
assembled. Following each of the lectures was 
a discussion period when many questions were 
asked by the 200-odd persons registered. 

Upon introducing the clinic, Roperr F. 
Men, head of the Department of Metallurgy 
and director of the Metals Research Laboratory, 
emphasized that it was purely an experiment, 
designed to be of service to the younger men in 
the metallurgical industries and stressing the 
practical engineering aspects of the selected 
subject. This experiment would determine 
whether similar conferences would be held in 
the future, and an analysis of the answers to a 
questionnaire distributed to those in attendance 
can be used to measure the success of the clinic. 

One of the most difficult assignments was 
that drawn by MAXweLL GENSAMER, associate 
professor of metallurgy, Carnegie Institute of 
Technology. It fell his lot to present in the 
space of two short lectures the fundamentals 
of plastic deformation, strain hardening, pre- 
ferred orientations, directional properties, and 
the effects thereon of certain variables, such as 


speed and temperature of deformation. 


Starting his discussion with the conditions 
existing for a single crystal of a metal, Dr. 
GENSAMER showed that plastic deformation was 
accomplished by means of either or both of: 

1. Shp along certain well defined crystal- 
lographic planes and in certain directions in 
these planes; and 2, twin formation. 

Those metals having hexagonal crystal 
structures —the most common being zine, 
magnesium and cadmium — have but one slip 
plane and if it were not for the fact that crystal- 
lographic “twinning” is so readily accomplished 
in these metals they could withstand but little 
cold deformation. The convenience of twin 
formation is twofold; not only is deformation 
accomplished thereby, but the new orientations 
of crystalline planes resulting from twinning 
are such as to bring slip planes into positions 
favorable for further deformation. 

The face-centered cubic metals — alumi- 
num, copper, gold, lead, silver, and others — are 
blessed with a set of four planes of easy slip 
and three possible slip directions in each plane 
This gives rise to twelve possible slip systems 
in a crystal of these metals, and this is the rea 
son why they are frequently referred to as the 


“ductile metals”. 





By Dana W. Smith 
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Body-centered cubic iron (ferrite) shows a 
complicated system of slip planes with three 
different of 


represented. The choice of slip systems during 


families crystallographic planes 


of 


Mechanical Properties” by Samuen L. Hoy 
Battelle 


the ty pical 


Memorial Institute was delivered 


“Hoyt fashion” He proceeded to 


enlighten the attentive audience with his knowl 
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\-Ray Diffraction Photogram 
of Rolled Foil 


{luminum 


=> 


Partially Recrystallized 
{fter 10 Min. at 500 





( ompletely Recrvystallized 


F. {fter 10 Min. at 650° F. 





deformation is dependent on temperature and 
For example, relatively pure iron 
*)) 


-_) 


composition. 
appears to slip on {011}, {112} and {123} planes 
at ordinary temperatures and only the {011 
planes at lower temperatures. If silicon in the 
ferrite is sufficiently high, slip occurs only on 
{011} planes regardless of temperature. 

This very definite tendency of all metal 
crystals to deform in particular manner results 
of 


orientations 


in “preferred orientations” grains during 


deformation. Preferred are not 


to 
alloys alone. 


peculiar plastically deformed metals or 


For instance, annealing of a cold 
recrystallization which 
of 


manner 


worked metal causes 


embodies re-orientation grains and grain 


to result in 


another type of preferred orientation, referred 


fragments in such a as 


to as “recrystallization texture” to distinguish 


it from “deformation texture”. 
When preferred orientations exist in a 
fabricated item, directional properties are 


observed. For example, the tensile properties 
of sheet will exhibit variations dependent upon 
the direction of the longitudinal axis of the test 
specimen in relation to the rolling direction. 
Formation of “ears” along the edges of deep 
stampings in sheet is likewise related to pre 
ferred orientations already existing in the sheet, 
having originated during the plastic working or 
the annealing. 

The of Cold Work on 


lecture “Effect 


edge of the effect of cold work on the ordinary 
tensile properties, fatigue strength and notch 


sensitivity, with discourses on effects of internal 


and external defects and the industrial impor- 
tance of strain-aging. Needless to say, Dr. 
Hoyr was belabored with many questions of 


practical nature during the discussion period 
It was while answering these questions that he 
emphasized the impossibility of giving detailed 
solutions to various problems which may be 
all the 


variables such as composition, whether the steel 


raised, without careful consideration of 


was openhearth or bessemer, whether it was hot 
cold rolled, flat 


to mention only a few. 


rolled or rolled or continuous 


rolled 
GEORGI al 


two excel- 


Sacus, professor of metallurgy 


Case School of Applied Science, gave 
lent 


est 


lectures which were consumed with inte 


and enthusiasm by the audience, be they 
research, development or production personnel 
rhe the of 
Operations”, dealt primarily 
mental laws of plastic flow. Building on this 
Dr. the ol 


flow and uniformity of deformation during rod 


first, on “Flow Metals in Forming 


with the funda 


basis, SACHS discussed mechanics 


and wire drawing, deep drawing, extrusion, 


forging and pressing; indicating the effects of 
speed and temperature and the role of friction 


on power consumption, 


In his second lecture on “Cold Rolling”, 
Dr. SACHS described thr Various modern mills 
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two-, three- and four-high, cluster and 
Krause mills — pointing out their advantages 


and disadvantages. He discussed in consider- 


able detail the effects of surface condition of 
both rolls and front 
and the effect of lubricants on the power con- 


stock, and back tension, 


sumption during rolling. 

Your reporter feels entirely inadequate, in 
the space available, to do justice to the inter- 
information included in 


esting and valuable 


these two lectures. However, Dr. SacHs says, 
“I’m writing a book, soon to be published by the 


tion which should be welcomed by all inter- 


This is a bit of pre-publication informa- 
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ested in metal working. Judging by the lectures 
this book should be included on the must list. 

“Deep Drawing of Steel Sheet” was the 
subject assigned to JosepH Wintock of Budd 
Co. His talk profusely 


slides showing examples of 


Manufacturing was 
illustrated with 
modern deep drawings — principally auto-body 
with many examples of 


“beautiful 


panels and fenders 
“headaches”, such as worms” 
(stretcher-strains to some and Liider lines to 
the minority), “orange peel” and “ocean waves”. 
Mr. Winlock these 


surface imperfections with conditions existing 


very logically correlated 


within the sheet. “Worms” result from the 
sudden elongation at the vield point, character- 
istic of annealed steel sheet, and can be elimi- 


nated by giving the sheet light passes through a 
series of flattening rolls. If, after these flatten- 


ing passes, the sheet is allowed to “age” for any 


considerable time at ordinary temperatures or 
for shorter times at elevated temperatures, it 
will recover its yield point elongation and will 
again suffer from “worms” after deep drawing. 
“Orange peel” is directly related to the grain 
size of the sheet. Other surface irregularities 
are traceable to inclusions, segregation bands 
and the like. 

The practical aspects of “Wire, Bar and 
Tube Drawing” were very adequately presented 
by Ermer E. Lecce of the American Steel and 
Wire Co. With an interesting set of slides, the 
“start-to-finish” processes in bar and wire draw- 
ing were shown in detail. These slides were 
accompanied by discussions on the heat treat- 
ing, cleaning and baking prior to drawing; 
the effect of lubrication and surface condition 
of both rod and die on the quality of the fin- 
ished product. 

In the natural 
Ment delivered an enlightening lecture on 
“Recovery and Recrystallization”. Cold 


worked metals, upon annealing, may experi- 


sequence of events, Dr. 


ence recovery, recrystallization and = grain 
growth dependent upon the following: 

1. Composition. 

2. Purity. 

3. Amount of cold deformation. 

1. Annealing temperature. 

>. Time at temperature. 

6. Original grain size. 

The effect of recovery is to increase 


electrical conductivity and decrease internal 

stresses with little change in other properties. 

On the other hand, recrystallization is accom- 

panied by considerable decreases in hardness 
and strength with a corresponding increase in 
ductility. Furthermore, visual evidence of 
recrystallization is possible by means of micro- 
scopic examination, while X-ray diffraction 
patterns also are capable of detecting this phe 
nomenon, Grain growth is merely a continued 
growth of recrystallized grains. 

The following fundamental laws of recrys- 
tallization are now well recognized: 

1. Recrystallization occurs at a_ higher 
temperature the smaller the degree of strain 
hardening. 

2. Increasing time of annealing displaces 
recrystallization to a lower temperature. 

4. The final grain size is chiefly depend- 
ent upon the degree of deformation and to a 
lesser degree on the annealing temperature. A 
further variable is the rate of heating to the 
(Cont. page 178) 


annealing temperature. on 
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This destruction test, pictured above, made during 
1934, opened new fields for applications of long pitch 
chains, where maintained accuracy is vital in trans- 
mitting power. The properties of Nickel alloy steels, 





‘ . . . , . a ; 
with their high strength/weight ratio, permitted j 
modern redesigning which cut weight — and costs — 
over heavier chains formerly forged from plain car- f. 


bon steel, This 10” link showed an ultimate strength 
of 455.000 Ibs.. a yield point of 388.000 Ibs. — 30% 
higher than U. 5. Engineer specifications. 


Roller chains, with 1244" pitch, control roller gates 
on Mississippi River Dam 14, LeClaire, lowa. Link- 
Belt Company used Nickel alloy steels to specifica- 
tions of U. S. Engineer Office. Side bars are SAE 
3140, Brinell 300-341, rollers SAE-3140, 300-341 
Brinell, and pins SAE 3245, 340-380 Brinell. Triple 
width assemblies have an estimated ultimate strength 
of 2,250,000 Ibs. 


s 


Dams on the upper Mississippi control water levels 
to provide navigable channels and guard against 
sudden floods. Dam gates are moved by roller chains 
of Nickel alloy steels. On hard jobs you can safe- 
guard performance, keep costs down, by 
specifying Nickel alloy steels for all 
highly stressed units. 





THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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LUNCHED With ArTHUR GREEN, research 
metallurgist for Pratt & Whitney Aircraft Corp.., 
and inquired about deliveries of raw materials. 
On being told that the metal makers were meet 
ing quality requirements with little trouble, 
facetiously remarked that Green should stiffen 
up on the requirements. But really, these are 
already so severe that the standard extra for 
steel of “aircraft quality” (in accordance with 
the American Iron & Steel Institute procedure) 
is charged largely to cover the extraordinary 
amount of acceptance testing. Steels for many 
parts require that first, middle, and last ingot in 

each heat be sampled in the 
Superfine 
Vetals for 
dir Engines 


composition, segregation and 
inclusions. Finished bars from 
the same locations are then 
tested for tensile strength, grain size, and sur- 
face checked for microscopic flaws by magna 
flux, not only once but three times, afte 
successively turning to smaller diameter. Each 
finished bar is marked for heat number, ingot 
number and position in ingot, and an end disk 
cut for deep etch test. This extreme care for 
soundness and quality has been intensified 
during the last ten years of slow business, when 
the purchaser was in a position to enforce his 
requirements. It would seem to be a fact that 
the interplay of metallurgical requirements, as 
expressed by producer and consumer, has 
raised the quality of fine American steels above 
that now being made anywhere. (In other 
countries the attitude is still what it was here 
what is best for the consumer, and that is an 
attitude not very conducive to progress.) Super- 


25 years ago; the producers believe they know 


fine raw materials enable Americans to manu- 
facture aircraft engines capable of running in 
continuous operation far longer than a good 
French or German engine. GREEN also says 
that, despite the utmost care in selecting raw 
material, defects show up now and then during 
machining or on final inspection of completed 


engine parts. 


billet and tested variously for 


lo A PAIR of interesting technical sessions 


one S.A.E., the other Se 


of the question-and-answer type of discussion. 


both provocative 


Miktos Herenyi of Westinghouse Research 
Laboratories said that photoelastic analysis, or 
the study of stress distribution in loaded trans 
parent models viewed with polarized light, was 
known in principle for a century and a quarter 
and the complete mathematical treatment has 
been available since 1850. However, no great 
industrial use was made until models of cellu- 
loid rather than glass were suggested. Celluloid 
is not only vastly more convenient to handle but 
is several times as active optically that is, 
gives larger number of interference fringes for 

Within the last decade 
phenolic condensation prod- 
Solid Models, ucts such as bakelite have 


With Stresses been found to be even bet- 


a given loading. 


Frozen in for ter. Solid models (as a 


fnalvsis in shaft with a keyway) can be 
3 Dimensions shaped in stress-free bake- 
lite, loaded as in service, and 
the internal stress distribution “frozen” in the 
solid by a short heating at 120° C. Fortunately 
these internal stress patterns are so firmly fixed 
that the solid model can be sawed apart with- 
out disturbing them and the stress distribution 
photographed in any elementary slab or section 
as desired. Herenyi also outlined techniques 
for studying centrifugal stresses in disks rotat- 
ing at high speed, and stresses in power-line 
insulators. Oscar HorGer, who is studying the 
endurance limits of full-sized railroad axles 
(among other things) at the Canton plant of 
Timken Roller Bearing Co., said that the com- 
forting thing about photoelastic analysis is that 
its indications are all on the safe side, even 
though the margin of error becomes smaller as 
the dimensions of the piece become greater, or 


the grain size of the metal becomes finer. 


Mtucn impressed by the progress made by 
the gray iron foundries, despite the extreme 


decentralization of the industry, in improving 
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the product to meet the demands of important 
customers. Sometimes the tensile properties are 
quile secondary to the unique fitness of gray 
iron for certain services like brake drums, 
clutch plates and cylinder liners, but the stress 
of competition with other materials is respon- 
sible for much improvement in strength without 
undue damage to machinability. Maybe no 
objection was heard because there were no pro- 
moters of rival melting equipment present al 
the & meeting when Richard SCHNEIDEWIND of 

the metallurgical faculty of 
Criterion University of Michigan plumped 
for an A-I hard for cupola iron as the best, 
Gray Tron unless special finishing treat- 
ment is given in the ladle to 
other types of iron — primarily, he said, because 
the metal is in contact with hot gases or refrac- 
tories for a minimum time, say 10 min. at most. 
Nevertheless, this is undoubtedly the consensus 
of British iron founders as well. 

Most intriguing thing in foundry practice 
is the use of ladle deoxidizers (such as calcium- 
silicon) in an iron which is already balancing 
between two impulses — its silicon urging the 
carbon to graphitize and soften, and its man- 
ganese and chromium urging it to remain as 
carbide and harden. ScHNEIEWIND proposed 
a useful criterion for excellence: The tensile 
strength of a gray iron divided by its Brinell 
hardness should give a quotient of 200 or more. 
In other words, a good foundry making a 
10,000-psi. iron can hold the hardness to 200 o1 
less, whereas iron that strong from a_ poor 
foundry will be considerably harder — more 
like 250 Brinell. Another important point: If 
yood toughness and high strength are both 
desired, get it in a pearlitic or alloy iron with- 
oul heat treatment, because quenched and tem 
pered castings never have the impact strength 


they have as-cast. 


PaALKING with a group of steel makers about 
iianganese, a strategic metal if ever there was 
one. The United States mines very, very little 
ore of ferromanganese grade, despite a tariff 
of many vears’ standing designed to foster 
domestic production. Most of the world’s supply 
comes from southern Russia, India and South 
Africa. Some is available nearer home, from 
Brazil and Cuba. We simply haven't any in 
the States. Acute shortage during World War I 
forced the price to 22¢ a pound (normally 
about 5¢), intensified prospecting and frenzied 


development of prospects. These are certain to 


recur if the present European war destroys as 
much shipping as the last one. Electrolytic 
processes have recently been developed for the 
production of metallic manganese; the present 
price is 50¢ a lb. and while a considerably lower 
price is not unlikely, it cannot now be counted 
on as a source of cheap manganese. These con- 
siderations have been behind the periodic edi- 
torializing in Mera ProGress on the desirability 
(no, necessity) of using some of our buried gold 
to build up a stock pile of foreign ore. It prob- 
ably is no alarmist attitude to speculate on how 

much ferromanganese could 
What Can 
We Do About 


Manganese? hearth steel, alloy grade, it 


be saved by rigid parsimony. 


In the production of open- 


unfortunately does little 
vood to stark with high manganese pig iron, for 
it will melt to only a few points higher manga- 
nese than low manganese pig. A more fruitful 
economy would be to revert to coarse-grained. 
low manganese steels from the fine-grained 
steels now in demand with manganese on tlh 
high side. They would not be so handy to 
consumers, but would be adequate for most 
purposes. Another way would be to substitute 
nickel and chromium steels for the low man- 
ganese alloy steels of recent popularity. Still 
another present use of manganese is for steels 
of high physicals in the as-rolled condition; 
equal strength but lower ductility may be had 
from higher carbon, lower manganese analyses. 
While these expedients, which might make 20 
lb. of ferro serve where 25 is used now, would 
seem like a long step in the wrong direction, 
they might be forced upon us. In that event. 
ASMembers would be as useful in guiding the 


retreat as they have been in leading the advance 














The Above Graph Evaluates the Problems 
That Will Probably Be Solved by the 
Present European and Asiatic Wars. 
Data from The History of Mankind 
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{ study of the properties of plate embodying more than one 


composition in a single final section, produced by a new and 


commercial melting technique called “ Pluramelt”, metallur- 


gical details of which are reserved for later presentation 





Plural Compositions From 


a New Melting Process 





= IN NO BRANCH Of metal fabrication has 
there been more effort made than in that 
of combining the new and expensive “stainless 
steels” with the cheaper and stronger carbon 
steels. The chemical industry, the petroleum 
industry, the food and beverage industry, the 
paper industry — all use vessels that require 
strength against the pressures carried, and 
resistance to corrosive liquids or gases. High 
pressures sometimes demand wall thicknesses 
of two inches or even more of strong steel, vet 
only the inner surface of this must resist the 
corrosive contents. It seems extravagant to 
make a vessel of solid stainless steel when a 
thin layer of stainless over a plate of medium 
carbon steel would serve just as well. 

Considerable progress has been made and 
many difliculties have been overcome in_ the 
production of stainless clad materials. Several 
lirms use the old process of heating slabs of the 
two metals in contact and then rolling or forg 
ing the combination. A second method is that 
of pouring the liquid melt of carbon steel 
round a solid section of stainless steel. A third 
method has been to build up a series of thick 
overlapping beads of stainless steel weld rod 
deposit on a carbon steel backing, then machin 
ing the surface and rolling the combination to 
finished size — evidently a costly operation for 
a product that is likely to contain many imper 
fections in the weld metal. 


More suecess has been achieved by the 


method of placing a thin sheet of stainless upon 
a steel plate of proper thickness and then spot 
welding them together on close centers by elec 
trical resistance methods 

Rosert K. Hopkins, as director of metal 
lurgical research for The M. W. Kellogg Co. of 
lersey City, N. J.. was convinced that in ordet 
to obtain a material that would fulfill the 
requirements of the petroleum industry for 
pressure vessels such as his firm manufactures 
it would be necessary to depart radically from 
all previously conceived methods and that the 
desired result could be accomplished only by 
the development of a new melting technique 
Research was started and a thorough investiga 
tion was made of all known melting processes 

It was found that ingots produced by all 
of the present-day steel making processes have 
certain characteristics in common. Each ingot 
is formed from the freezing of a melt of single 
composition so that the final ingot is of rela 
tively uniform composition throughout In 


prope rly deoxidized steels, ne dependence 1s 
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placed upon the hot 
rolling or mechanical 
working for the bond 
ing or joining of the 
particles in any portion 
of the metals. Because 


of the singleness of com 


position of ingots 
produced by these well ‘ 
known methods, these _ 


processes could be 


termed “monomelt’. In y, 


the production of clad / ————- 


materials, it was, there 
fore, essential that both = 
component analyses be, 
at least in part, molten 
at the same time, in 
order to secure absolute 


metallic continuity. Such a process could evidently 


be described by the words “plural melting” or 


simply “pluramelt”. 

After intensive investigation, this result) was 
accomplished by means of a special type of electric 
are melting furnace so designed that the melting 
operation could be carried on and the final product 
would be intermelted with any other metal part 
and allowed to solidify as an inseparable portion 
of the unit mass. 

Long association with Allegheny Ludlum Steel 
Corp. and recognition of their experience in the 
production of stainless steels, prompted Mr. 
Hopkins to discuss the problem with the Allegheny 
Ludlum research staff and as a result the steel com- 
pany decided to participate in the further develop- 
ment. This work culminated in the construction 
of a plant at Brackenridge, Pa., which is now in 
commercial operation under exclusive license from 


lhe M. W. Kellogg 


» 


Company under the Hopkins 
patents, 

Description of the process here will be post- 
poned since details will be available in the near 
future. Suflice it to say that it is essentially an 
electric furnace melting technique, as a result of 
which all of the special composition materials and 
a small part of the low-cost materials are melted 
and integrally joined during this operation. The 
furnace proper is radically different from the con- 
ventional type of electric furnace, in that the func- 
tions of steel making and of the mold are combined. 
In this way special steels are melted and joined to 
low-cost steels in ingot form, thus producing Plura- 
melt ingots. The composition of the special steels 
is controlled simply and within the ranges specified 


in commercial practice of today. The points to be 














{t Left: Micrograph at 500 
Diameters of Junction Between 
13% Chromium Steel (Quenched 
and Tempered) and Low Car- 
bon Steel Base, Showing Rapid 
Change From One to Another 


Below: Nital Etch of 18-8 
on Carbon Steel Sheet Shows 
Cleanliness of the Austenitic 
Steel Layer (Clear Band) 
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emphasized are that the process produces 
single ingots of two or more compositions, 
integrally bonded together, and that it is 
possible to change the composition, within 
limits, during the melting operation. 
Experience so far has been limited to 
Pluramelts of stainless alloys (high 
chromium-iron and = chromium-nickel-iron 
alloys) on soft or medium steel, and tool 
steel tvpes on soft steel bases, but it seems 
very likely that the commercial success with 
these materials may be duplicated with any 
other alloy that can be melted in an are fur- 
nace. High carbon steel can be added to 
mild steel (or vice versa), the low alloy 
S.A.E. steels used in any desired combina- 
tion, hard alloys or tool steels for wear 
resistance can be put on slabs, rails, roll 
cevlinders, or wheel treads. Likewise the 
high nickel alloys can be so treated. The 
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: hase metal can be covered on both sides and 
triple or more layers made of any desired pro- 
portionate thicknesses. 

Thus far the materials which have been 
successfully produced are Allegheny Metal 
18-8S (low carbon, 18° Cr, 8° Ni); the same 
with columbium, molybdenum or both; low 
carbon 13° chromium steel; and various tool 
steel compositions for the alloy portion, and 
low carbon and carbon-molybdenum steels for 
the massive portion. In the majority of cases 
the massive material is plain low carbon steel 
Ingots have also been produced of three com 
positions integrally joined. These ingots have 
been processed into plates and sheets. Plura 
melt wire has also been produced. 

Nature of Joint 

So much for the process. What of th 

product? 
Tests to Prove Soundness of Bond Between Carbon 
Steel Base and High Alloy Steel Surface Layers 
Alloy Alloy Allo Junction ’ 
uts ne Si é vOorTCNeC 
Uutsie Sie oe Base c 
’ 
sia |) See 
= OL GALI 
- - Y 
Bend Tests a yan 
Alloy Shear 
sile ynetion Tension | i f 
_— ensile Tests 
= ULB EI 
-— Pt Pound 
> D by 
cS | P 
x 
i— x 
7G 
sa c 
rae it ———y 
8 1s 
} SB 
bad — — — 
= = Dounch and Pressure 
S eid ) BN FP ESS. 
5 ‘ WEIS esTs 
£ 4 8 19 
Tensile Tests 
Hole Pergendiculer to Alloy Hole ie, ngent to 4 Oy 
: r 
i 
\ 
— 
eS ™ i 
: 14 15 
Compression Tests 
5 
AVNER 








lts principal requirements are (a) a joint 
between compositions base and surface layer 


that is flawless: (b uniform and correct 


composition in both base and surface layers; 
c) ease in fabrication 
A micrograph is shown opposite, at iM) 


diameters, of a joint between 15 chromium 


stainless steel and low carbon. steel bass 
\nother at 100 diameters shows a Pluramellt 
sheet in which the alloy is 18-8; the sample has 
been etched in nital which attacks only the 
carbon steel and the freedom of the alloy from 
non-metallic inclusions is clearly evident lt 
will be observed that the transition from one to 


sradual. Likewise large areas 


_ 


the other is not 
of corrosion resistant surface recovered from 
samples of Pluramelt whose carbon steel back 
ing had been entirely removed by acid exhibit 
a remarkably smooth surface. Many physical 
tests have shown extreme tenacity between the 
various compositions and these will now be 
described. 


Bend lests l lie 


shows the types of free bend tests that have 


accompanying sketch 


been made, and are 
possibly No. 4, 
with a very thick laver of alloy; 
In No. 5 a short length 


of alloy was machined away, leaving sharp 


self explanatory except 
which was made from a piece 
it may be con 


sidered a radial bend. 


re-entrant corners at its base. In all the tests 
the sections are bent cold until ends of the test 
bars meet. Elongations of outer fibers on bend 
bars are about 45 lhere is no sign of part 
ing of the special material away from the mas 
sive backing portion in any of them; neither is 
there fissuring or other failure of the alloy 
materials. The first two bend tests shown are 
perhaps not unusually drastic but the side bend, 
radial bend and notched bend (No. 3, 4 and 5) 
stress the “junction line” severely It has been 
proven by many repetitions of these tests fo 
several compositions that Pluramelt steels are 
integral and behave similarly to sections of 
monomelt steels. Sections have also been tested 
with alloy on both sides, and these act similarly, 

Tension Tests In specimens cut from a 
plate, like No. 6, and 


machine, the 


pulled in a_ tension 
special composition material at 
the side and the massive material deform 
together, both compositions nec king down with 
out parting. When the two compositions have 
different vield points, two separate “drops of 


the beam” will occur. It has been found that 


the special materials will add to the tensile 
strength of the base by an amount equivalent 
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to the strength of the actual mass of the special 
material present. tion 

As may be anticipated, the tensile data are pul 
similar to those for a test piece of the base 
metal. Specifically we cite pieces cut from 
inanway trim from a pressure vessel in shop 
fabrication. The plate was 14% in. thick with thre 
in. alloy facing (138°) Cr, 0.10% C max.). The 


Results of Huey Corrosion Test, Using Boiling 65% Nitric 


1. Using either a sharp punch, a cupping 


ich or 


* Acid 





ing bare the underside of the special composi 


hydraulic pressure, the alloy dia- 


the alloy from the base metal. 
tests No. 10 and 11 
ugh the layer of 








Hieat 
PReat 
MENT 
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CHEMICAL ANALYSIS 


Tiinp |Fourtu 
18 Hn. 18 Hr. 


‘ Cr Ni Mo Cr Fins! SECOND 

18 Tin. {8 Hn. 
0.07 | 19.3 9.7 | None None | 0.00053 | 0.00040 | 0.00037 | 0.00040 
0.09 18.1 9.2 None | 0.70) 0.00055 | 0.00056 | 0.00053 | 0.00054 
Same containing an are weld (c) | 0.00085 | 0.00101 | 0.00108 | 0.00112 
0.08 17.8 9.3 3.0 0.6 | 0.00085 | 0.00082 | 0.00080 | 0.00078 


INCHES PENETRATION PER 


MonTH 


FIFTH 
{8 Tin. 


0.00036 
0.00057 
0.00124 
0.00084 


MEAN 
RAT 


0.00041 
0.00055 
0.00108 
0.00082 











fa 
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Heat treatment: 1950° F., air cooled. 


Heat treatment: 1600° F., air cooled; 1150° F., furnace cooled; to simulate pressure 


vessel practice. 
Chemical analvsis of weld metal: C 0.10, Mn 0.77, Si 0.57, Cr 19.600, 


vessel — and test pieces — had been annealed 2 ure 


Ni 8.98, 


; Bloe 


Ch 0.63 


ks and 


phragm bulges or shears without lifting any of 


In the punch 


a circular channel was cul 


special composition al 


about three times the diameter of the punch; 


thus the punch thrust 
was resisted by an 
annular area of june- 
tion surface. 

Tests 


were prepared by drill- 


Compression 


ing square blocks as 
shown in No. 14 and 15 
and squeezed vertically 
until the sides collapsed 
No parting could be 
observed in these pieces 
(see page 168). 

Square bars have 
been twisted cold more 
than 720° without fail- 


heavy plates have been 





hr. at 1450° F.. furnace cooled, and stress 
relieved 2 hr. at 1225° F., and furnace cooled. 
Four test pieces showed from 69,200 to 71,100 
psi. ultimate strength and from 28 to 25% 
elongation in 8 in. 

Many tests like No. 7 show that in such a 
bar failure takes place some distance from the 
junction of the two steels in the weaker mate- 
rial. In No. 8 an attempt was made to measure 
the strength in shear along the junction line; 
the exact value is uncertain owing to the eccen 
tric loading, but failure occurs in section a 
dimension pb 
When 


failure occurs at > it invariably does so along 


rather than in = shear until 


approaches the thickness of the overlay. 


the 45° shear plane in the base metal and not 
at the junction, Test No. 9 was also designed 
to test the “bond”. The original piece selected 
is a rectangular section of Pluramelt with the 
alloy steel on one side only, The massive mate 
rial is machined away at the center of the bar, 
after which the specimen is bent 90° at the bot 
tom and an attachment welded on so that the 
“junction line” is tested directly in’ tension 
Many such tests on different compositions show 
that failure takes place in the thin alloy section 
with no peeling away of the alloy from the 
carbon steel. 

Punch Tests No. 10 to 12 were prepared by 


drilling through the massive carbon steel, lay 


quenched 20 times from 1200° F. by a water 
spray striking the alloy face only. Considerable 
distortion was observed, in the form of perma 
nent growth in some directions and shrinkage 
in others, but no cracking or separation took 
place. 

Such repeated tests on varieties of stainless 
steels on carbon and low alloy steel backings 


have proven that the joint is flawless 


Uniformity of Composition 


Next we should consider the uniformity of 
composition — obviously a matter of extreme 
importance. The noble surface must not only 
have the intended composition, on the average, 
but there must be no segregation or major vari- 
While much detailed 


study has proven this point, the case can prob 


ation, point to point. 


ably be demonstrated by studies of a low car- 
bon, 18% 


plain carbon steel base. 


chromium steel intermelted with a 


It is important to note that the portion of 
the base material which was melted has been 
completely dissolved in the low carbon alloy 
laver, and samplings taken at different loca 
tions, top to bottom and point to point, show 
no more than incidental variations in analysis 
This is illustrated bv the following ingot 


analvses 
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DeprH BELOW SURFACHI 


At surface 18.3 
M4 In. 17.9 
Ly in. 17.9 
4% in. 17.8 
| in. 18.1 
1% in. 18.0 
144 In. 18.1 
1% in 18.2 


So much for major segregation. Mino: 


segregation is most readily shown by drastic 
corrosion tests, wherein micro-segregates are 


attacked more readily and result in frosted, 


pitted, or depressed surfaces. Several hundred 
corrosion tests have been made of the alloy 
portion of Pluramelt in a great many corrosion 
media in the laboratory. (In each case the 
carbon steel portion has been removed for 
preparation of the alloy test specimen.) Media 


which have been investigated are 


Boiling 65% HNO, (Huey test 
Strauss solution, boiling 

Nitric hydrofluoric acid, 170° F 
H.SO, (1%, 3%, 6% at 70° F 
1% H.SO,, boiling 

2% HCl, boiling 

10% acetic acid, boiling 

3% H,PO,, boiling 

10% tannic acid, boiling 


] 


85% acetic plus oxalic acid, boiling 
20% NaQH, boiling 

20% NaCl, boiling 

20% NaNoO., boiling 

20% ZnSO,, boiling 

10% NH,Cl, boiling 


85° orthophosphoric acid at 350° | 


Pressure Vessel 12 Ft. Inside Diameter 


”” 


Pluramelt plate 2 








Resulting data are too voluminous to pre 
sent here but it is definitely shown that the alloy 
portions show corrosion rates practically iden 
tical to similar alloy compositions made by 
conventional electric furnace processes Vhs 
has been borne out by results in service. 
Results of representative tests in boiling 
bo: nitric acid are given in the table on pags 
166. Samples after heat treatment (b) were 
tested in the Strauss solution (48 hr. in boiling 
I’e CuSO, + 10° H.SO,) and 1 hr. in 3° HEI 
10° HNO, at 170° F 


could be bent flat without fissuring, they 


and in all cases they 


retained their metallic ring, and gave no evi 
dence of intergranular corrosion. 


One test in 75° “food grade” orthophos 
phoric acid is also illuminating. In it, a sheet 
made by conventional methods was compared 
with the stainless laver removed from a Plura 
melt plate. Inches penetration per 1000 hi 
were computed on samples, one air cooled 
from 2000° F. and stress relieved at 1150° | 

and the other air cooled from 1600° F. and stress 
relieved at 1150° F 


was more resistant 


In both cases the Pluramel! 


COMMERCIAI PLURAMEL) 


\nalvsis: Carbs 0.06 0.09 
Chromiun 18.0 19.0 
Nickel 10.9 11.0 
Molybdenun 3.2 3.1 
Columbiun None 0.43 

Penetration; 2000° I 0.139 is 0.116 is 

1H00° F 0.127 in O.1TO1 is 


and 30 Ft. Long Weighing 80 Tons 


» in. thick required to resist 215-lb. operating pressure at 800° fF. 

















Minor segregation can also be discovered 
by microscopic examination. Thorough search 
indicates that the Plurametal structures are sim- 
ilar to those from conventional electric furnaces 


after equivalent heat treatments, 
Fabrication 


Finally, some words may be said about 
fabrication properties. Ample shop experience 
with Pluramelt indicates that it lends itself well 
to shop practices. Many pressure vessels from 
a few hundred pounds to over 100 tons have 
been fabricated by welding in the usual way. 

From the foregoing account it may be con- 
cluded that the new process of manufacturing 


composite steels and alloys is commercial even 





Type of Destructive Compression Tests Viade 

in an Endeavor to Find if Any Type of 

Mechanical Abuse Could Impair the Bond 
ARSE ERE SAN RN EET A AI 


for the manufacture of heaviest pressure ves- 
sels. Success with stainless steels, always 
somewhat sensitive to slight errors in manufac- 
ture, indicates that the process may readily 
have much wider application, Future experi- 
ence is necessary to indicate the economical 
limits of rolling. For instance, the saving in 
first cost of raw material in a thin sheet may 
not be of as much importance as a gain in the 
case of fabrication, such as in deep drawing, 
of a sheet with a ductile backing. Likewise the 
combination of alloys, one having strength and 
the other great hardness, toughness or wear 
resistance, is an unexplored field of great 


importance. Se 








Protective Coatings 
for Magnesium Alloys 


By T. P. Hoar 
Abstracted from The Metallurgist, Oct. 27, 1939, p. 67 


MaGNesiuM and its useful alloys must be 
well protected against the attack of indus- 


trial atmospheres and sea water. The general 





treatment is a 0.5 to 2-min. dip in a solution con- 
taining 1.5 lb. of sodium dichromate and 1.5 pints 


of nitric acid (1.4 sp.gr.) to 1 gal. of solution. 
Careful degreasing is a prerequisite.) This is 


known as “chrome pickle” in the U.S., and 
mordancage in France, and produces a complex 
protective coating of sparingly soluble chromic 
chromates which is porous but a good foundation 
for paint. If followed by two coats of a proper 
air-drying paint, the article will resist salt spray 
for one month. No pitting has been observed in 
such parts on seaplanes after one year’s use. If 
extremes of temperature are to be resisted, the 
article may be baked at 390° F. (which possibly 
sinters some of the particles on the coating) and 
coated with two layers of a baking varnish, the 
second one pigmented with aluminum. For mag- 
nesium alloys containing 10° or more aluminum, 
a mixed coating of chromium and manganese 
oxides may be formed by dipping 30 sec. in a 
water solution at 200° F. containing 1% powdered 
alumina, 10% chromic anhydride, 5% hydrated 
magnesium sulphate and 1° caustic soda. 

Mordancage forms a porous coating of rela- 
tively insoluble oxides and the pores are then filled 
with varnish or paint. Electrolytic methods have 
been proposed and are in use to a certain extent 
in France for filling these pores with silicates or 
with mixed basic fluorides. A superior silicate 
coating or filling can be made by exposing the 
magnesium to an alternating current at 50 volts 
or more in a bath containing alkaline silicate and 
caustic alkali with a comparatively high SiO, : Na,O 
ratio. This is not, however, a good undercoat for 
a protective paint. 

Good protective coatings can also be built up 
on clean magnesium by alternating current elec- 
trolysis in an acid bath made by adding consider- 
able manganous carbonate to a chromic acid 
solution. Initial voltage of, say, 20 volts falls to 
about 8 volts, and a brown coating of manganous 
oxide is formed, a very good support for paint. 

The fluoride treatment is best for the 1.8: 
manganese alloy most suitable for resisting salt 


water. It is rather lengthy, (Cont. on page 180) 
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More than 40 aluminum alloys now commercially made into cast- 


ings and forgings are classified and some general rules laid down for 


machining them. A second article will discuss individual oper- 


ations, like turning or milling, and recommend proper tool shapes 





Machining of Aluminum Alloys 


Cast or Wrought 





THE REMARKABLE INCREASE in the use of 
4 aluminum and its allovs has been accom 
panied by a need for detailed information on 
the properties of the numerous commercial 
alloys. An engineer first wants to know the 
physical and mechanical properties of a partic 
ular material and, when he finds it will perform 
satisfactorily, he then is interested in some ol 
its other characteristics. Of these, machinabil 
itv is one of the most important. 

In the present paper the alloys (designated 
by Aluminum Co. of America nomenclature) 
are divided into groups according to whethe 
they are cast or wrought, heat treated or no! 
heat treated. The general machining characte! 
istics of each group are described, and certain 
principles common to the machining of all alu 
minum alloys are considered. In a subsequent 
paper specific operations as turning, milling and 
drilling will be discussed. Frequently speeds, 
feeds, and cuts which will produce satisfactory 
results under favorable conditions will be sug 
gested. Aluminum alloys may be readily 
machined with equipment and tools generally 
available, provided a few principles are fol 
lowed; however, as with all metals, tools and 


equipment of special design are sometimes 





desirable for maximum production. No attempt 
is made to discuss the use of aluminum alloys 
in screw machines since this was done by L. W 
kempr and the present author in Mera Prog 
kesS for July 1935 and by L. W. Kempr and A 
HakrweLt in the same magazine in the issue 


for December 1936 


Alloy Classification 


there are several ways of classifving alu 
minum alloys for a discussion of machining 


characteristics; however, the grouping sug 


vested in the table on page 170 appears to offei 
fewest objections he sroups in general are 
not competitive but, within any one, the selec 
tion of an alloy for a particular job is often 
influenced by the wav it machines 

Sometimes it is diflicult to distinguish 
between the machinabilities of two alloys, for 
so much depends upon the relative importance 
attached to the various factors One or more 
of these factors may be in disagreement with 
the general evaluation of an alloy; for example, 
a smooth surface, small chips and absence of 
burrs may be accompanied by appreciable too! 
wear. Consequently, the reader is cautioned 
against attempting to draw a sharp line of dis 
tinction between the machining properties of 
alloys placed close to each other in the table 
Che fact is that each group contains alloys with 


excellent machining characteristics as well as 
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others which can be cut satisfactorily if certain pre- 
cautions are observed. 

Non-Heat-Treated Casting Alloys In this group 
are some of the finest machining aluminum alloys 
commercially available. Others, however, may present 
definite problems. Experience indicates that certain 
general effects may be predicted from a knowledge of 
composition. For instance, alloying additions which 
do not form extremely hard or very abrasive con- 
stituents, such as copper, zinc or magnesium, tend to 
improve the machinability of aluminum, On the other 
hand additions such as silicon or manganese, forming 
hard abrasive constituents, are likely to impair machin- 
ability by increasing tool wear. The mechanism by 
Which many additions to aluminum influence machin- 
ability is not clearly understood, consequently much of 
the information available is of an empirical nature, 
and the only certain way of determining the cutting 
characteristics of an unknown alloy is to try it in the 
operations to be performed. 

It is generally true that machined surfaces of the 
aluminum-magnesium alloys are shiny and frequently 
very smooth while the turnings are loosely wound. The 
aluminum-copper and aluminum-zine alloys machine 
to somewhat duller surfaces while the chips are more 
tightly wound. Aluminum-silicon alloy surfaces are 
dull gray in color and the chips are rough, having the 
appearance of being torn from the stock. 

When the same alloy cast in sand and in a perma- 
nent mold is machined, the sand casting has a slightly 
rougher surface, but both produce chips similar’ in 
appearance when cut under the same conditions. 

The excellent machining non-heat-treated alloys 
173, C113, 645 and B113 can be turned, milled or drilled 
using highest speeds, feeds and cuts. Frequently no 
lubricant is required — or if one is indicated an inex- 
pensive compound such as soluble oil may be used. 
The tool may have relatively small rake angles. The 
machined surface is smooth, dimensions are main 
tained without difficulty and there is little or no tend- 
ency for the tool to leave a burr or for the chips to 
build up on the cutting edge. 

Alloys of Type II have good machining properties 
but perform best at somewhat lower feeds and cuts than 
above. The top-back and top-side rake angles should 
be increased and a good lubricant used to counteract 
any tendency towards development of burrs, build- 
up of chips on the tool, or the production of rough 
surfaces. Turnings are longer than from Type I alloys. 

The remaining alloys not heat treated (Type IIL, 
namely, 172, A108, 108, 356 and 43) have fair cutting 
characteristics but sometimes require special care to 
machine satisfactorily. Further reductions in feeds 
and cuts, accompanied by an increase in top-back and 
top-side rake angles of the tool, are indicated to obtain 





Commercial Aluminum Alloys 





7 ALCOA 
YPI 
ALLOY Cr 

l 173 7.0 
C113 f 
645 905 
B113 400 

I] 112 40 
216 
A214 
109 12.0 
12 8.0 
214 
212 8.0 
B214 

II] 172 7.8 
A108 1.5 
108 1.0 
356 
13 

I 220 (b) 


122 10.0 


I] D195 5.0 


142 1.0) 
195 1.0 
B195 1.5 
IIT 355 1.3 
A355 1.4 
356 
(< A132 0.8 


| 11S 5.5 
I] DIS 
53S 
ASIS 
17S 1.0) 
III 25S 1.5 
70S 1.0 
ISS 1.0) 
14S 1.4 
24S 1.4 
(¢ 328 OS 


II 56S 


II! 1S 
D2S8 
3S 


Com rt 


Ky 
or MN 


Non-Heat- Treated Casting Alloys 


1.0Fe 


Heat- Treated Casting Alloys (a 


1.2he 


0.8 Mn 


O.8Fe 31 


Heat- Treated Wrought Alloys (a 


0.5 Mn 


0.8 Mn 
0.7 Mn 


0.8 Mn 
0.5 Mn 


I 


Non-Heat- Treated Wrought Alloys 


0.1 Mn 


1.2 Mn 


1.2 Mn 


ISITION 


Si Mc | OTHER 


2.0Sn 
1.0 2.0Zn 
11.0Zn 
Be 
2.0Zn 
6.0 
3.8) 2.0Zn 
3.8 
Bs. 
1.8; 3.8 
2.3 
5.5 
3.0 
7.0 0.3 
5.0 


10.0 

2 
0.7 

lo 62.0 Ni 
3.0 
0 tho.) 


5.0 0.5) 0.8 Ni 
7.0 0.3 


20) 1.0) 2.5 Ni 


0.5Pb 0.5 Bi 


1.0 0.6 
0.7 1306 «60.25Cr 
1O 0.60 0.25Cr 


0.5 
OS 

0.4 10.0Zn 

0.5  2.0Ni 
0.8 0.4 

1.5 
20 1.0 OBNi 











(a) Heat treated as usually sold, namely a 


solution treatment followed by 


elevated temperatur 


(b) Alloy 220 
(c) Alloy cut 
may be excessive 


cemented carbide. 
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smooth surfaces, reduce the formation of burrs 
and overcome the tendency of the turnings to 
build up on the tool. These alloys are some- 
what gummy when machined. A _ good lubri- 


cant, such as a mixture of lard oil and kerosene. 





Turning a Forging of Alloy 148 With High Speed 
Tool, Lubricated With Kerosene. Diameter 
20 in., cut Ye in., peripheral speed 650 ft. per 


min., feed 0.050 in. Note long, curly chips 


is very desirable. These alloys machine well 
with properly ground tools of the cemented 
carbide type. 

Heat Treated Casting Alloys Heat treat- 
ing a casting at low temperatures improves its 
machinability slightly. The tendency is_ to 
shorten the turnings. The effect of heat treating 
a casting at high temperatures is to dissolve, in 
solid solution, certain of the constituents pres 
ent in the as-cast structure. These constituents 
may or may not be subsequently precipitated 
under controlled conditions, depending upon 
the use in service. In commercial castings, cer 
tain constituents remain out of solution and 
by their presence act to break up the chips; 
nevertheless, the effect of a solution heat treat 
ment is to produce smoother surfaces and more 
continuous chips during machining. When 
such a casting is subsequently given a precipita 
tion heat treatment by aging at a moderate tem 
perature, there is not much change in_ the 
appearance of chips or surface, but tool wear 
may be increased because the alloy has been 
hardened. 

Compositions of the heat treated casting 


alloys are shown in the table. The alloys 220, 

122 and A132 can be machined at high speeds 

using moderate feeds and cuts. The chips are 

small, the surfaces are smooth, the tool pro 

duces little or no burr, and there is not much 
tendency for the chips to build up on the 
tool. Alloy 220 machines to the smoother 
finish, but 122 can be cut at greater feeds. 
If high speed steel tools are used on A132, 
tool life may be short; consequently, 
cemented carbides are particularly recom 
mended, 

\llovs D195, 142, 195 and B19) have 
good machining properties. Turnings are 
long, but venerally tightly curled and the 
surfaces are smooth. If they become a 
problem, some reduction in speed is indi 
cated. Turnings from 355, A355 and 356 
frequently are long and loosely curled. 
Chip clearance may be a problem, in which 
event use lower speeds. Machined surfaces 
are likely to be rough, which points to the 
necessity for reducing the feed and depth 
of cut. Burrs are heavier and chips tend 
to build up on the tool ( onsequently the 
use of a lubricant which penetrates is par 
ticularly recommended, together with a 
tool whose cutting edges are well cleared 
all around 

Heat Treated Wrought Alloys he 

limitation imposed by the ability to fabricate an 
alloy for a particular job, together with the 
properties demanded by the application, largely 
determines the nature and amount of constit 
uents present in the microstructure of a wrought 
aluminum § alloy The aluminum-magnesium 
silicide alloys are very easy to forge, have high 
properties after suitable heat treatment, and in 
this condition are essentially solid solutions 
The aluminum-copper and aluminum-zine 
alloys are more difficult to forge, have very high 
properties after heat treatment, and in their 
simple form are largely solid solutions In 
their commercial form, however, moderate 
amounts of other elements are added to these 
allovs to develop certain properties Some ol 
these addition elements combine with alumi 
num, or with aluminum and some other ele 
ment already present, and these constituents 
frequently remain as distinct phases in the heat 
treated alloy. In a general way the allovs con 
taining only a small amount of secondary phase 
form long continuous turnings and, if no burrs 
are developed on the cutting edge of the tool, 


the machined surface will be smooth With 
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solid solution alloys there is a reduction in the 
tendency to develop a built-up burr as_ the 
amount of constituent in solution is increased. 
Where there is an appreciable amount of a 
secondary phase present, break-up of turnings 
is promoted but the production of smaller chips 
may be accompanied by an increase in the fre- 
quency at which the tools must be 
redressed. Thus, turnings from 32S 
are smaller when machined under 
similar conditions than those from 
any of the aluminum-copper alloys 
to which moderate amounts of 
magnesium, manganese, nickel or 
silicon have been added, but tool 
wear may be excessive when 
machining 32S unless tools tipped 
with cemented carbide are used. 

In addition to the tvpes of heat 
treated wrought alloys already dis- 
cussed there is the one discussed in 
this magazine in 1985 and 1936, 
which was developed for high speed 
machining. This alloy, commer- 
cially designated 11S, is free-cut- 
ting, may be machined to a very 
smooth finish and when heat treated 
has high mechanical properties. 
There is no build-up on the cutting 
edge of the tool, when properly 
dressed, and tool wear is relatively 
quite low. 

The heat treated wrought alloys shown in 
the table are characterized by the smooth sur 
faces to which they can be machined. From 
the foregoing discussion it follows that 11S is 
particularly applicable where excellent machin 
ing qualities are demanded of a high strength 
wrought alloy, whether this application be one 
of ‘turning, milling or drilling. The treated and 
aged allovs 5IS-T, 53S-T and ASIS-T offer 
low resistance to the tool, When precautions 
are taken to prevent a burr from building up 
on the cutting edge, fine surfaces are obtained 
even when using moderately high cuts and 
feeds, but because of this tendency these alloys 
cannot be drilled as well as the aluminum 
copper types. 

Allovs 17S-T, 25S-T, 70S-T, 18S-T, 
14S-T and 24S-T offer increasing resistance to 
the penetration of the tool because of their high 
physical properties. Furthermore, machinings 
from these allovs are frequently quite long; 
consequently it may sometimes be necessary to 


reduce the feed as well as the depth of cut. 
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Tool and no Lubricant. 





Where threading and tapping are important 
operations, 17S-T is particularly recommended. 

Non-Heat-Treated Wrought Alloys In 
common with other metals, the machinability 
of aluminum alloys is improved by cold work- 
ing. However, the difference between the 


machining properties of the hard and _ soft 








Turning a Sand Casting of Alloy 112 With a Sintered Car- 
bide 
peripheral speed 970 ft. per min., feed 0.015 in. Note fine chips 


») 


Diameter 22 in.. cut Ve in.. 





tempers of the same alloy is one of degree 
rather than of kind. 

furnings from 3S are continuous, tough, 
and difficult to curl; consequently, trouble is 
sometimes encountered in adequately disposing 
of them. It may even be necessary to inter- 
rupt operations, if chip room is limited as in 
drilling, in order to clear them away. This 
condition, however, may be counteracted by 
reducing the cross-sectional area of the turnings. 
In spite of the gummy nature of 3S and its con 
sequent tendency to develop a built-up burr on 
the tool, the alloy in both soft and hard tempers 
can be machined to a smooth surface at moder- 
ate speeds and feeds if the tool has large top 
back and top-side rake angles. 

The alloy 4S has the advantage over 3S in 
that the turnings show a greater tendency to 
curl. This is a valuable property where chip 
room is ata premium. The turnings are of the 
continuous type, and the surface of the 
machined object is smooth even when taking 


the fairly heavy cuts permissible in lathe work, 


» 





milling or shaping. To a noticeable extent 4S 
is less gummy than 3S, but here again, tools are 
recommended with plenty of rake. Of course, 
a lubricant should be used. Turnings from 52S 
are likely to be continuous; the machined sur 
faces are not so smooth as those produced on 
3S or 4S under similar circumstances, vet 52S 
can be drilled very readily. Under certain con- 
ditions, the production may be 15 to 20% 
vreater with 52S than with 3S. 
56S are more broken up than those from the 


furnings from 


other non-heat-treated wrought alloys. 

In general, the non-heat-treated alloys 
shown in the table are very easy to cut when 
measured in terms of their resistance to the 
tool. When their individual cutting character- 
istics are understood, satisfactory results are 


obtained. 


General Machining Considerations 
Tools 


1. Use as large rake and clearance angles 
when machining Type III alloys of all groups as is 
compatible with economical tool life, so as to shear 
rather than tear the chips from the work. The 
free-cutting alloys of Type I, on the other hand, 
can be machined with relatively smaller cutting 
angles. 

2. Use highest quality tools that the nature 
of the job will permit. Because of the somewhat 
acute cutting angles high speed toolsteels often are 
suggested, but for production runs tools tipped 
with cemented carbide are recommended if the 
work is free from vibration and irregularities 

3. Tools last longer when the cutting edge and 
surfaces supporting this edge are finished with 
fine stone. In some instances buffing the tool has 
noticeably improved its life and also the quality 
of the machined surface. When cemented carbide 
tools are diamond lapped smoother machined sur 


faces are obtained 
Lubricants or Coolants 


1. When machining the more tree-cutting alu 
minum alloys (Type I) there is sometimes no need 
for either a lubricant or a coolant, particularly 
when making roughing cuts, although the nature of 
the job and the finish desired determine the pro 
cedure. Some of the other alloys form small burrs 
on the cutting edge of the tool In these cases a 
coolant such as dilute soluble oil will keep the 
work cool and aid in clearing away the chips. It 
high speeds and feeds are employed or a heavy 
burr builds up on the cutting edge, a lubricant such 


as kerosene, kerosene and lard oil, a paraffin oil 


with or without additions of lard oil or kerosene, 
or any one of several commercially available screw 
culting compounds will prove helpful A. fine 
quality of finish will be obtained with a lubricant 
having low viscosity and containing a fatty con 
stituent. For hand tapping and reaming, the use 
of heavy oil or paraffin wax is suggested 

2. Be sure the lubricant falls on the tool or on 


the work in such a manner as to penetrate readily 


to the line ot contact between tool and work 


Chips 


1. Provide ample room tor chip clearance 
2 it depth of cut becomes excessive, metal is 


The chips build 


no longer sheared from the stock 
up on the cutting edge, are excessively work 
hardened, and ruin the finish as well as diminish 
the life of the tool 

3. Aluminum alloy machinings are quite valu 
uble; therefore, protect them from contamination 
Segregate machinings from different alloys when 
a premium is paid for controlled purity or com 


position 
Equipment 


l In general, use highest speed of which the 
equipment is capable together with moderate feeds 
and cuts 

2. In utilizing the high speeds recommended 
for machining aluminum alloys the work must be 
held rigidly and maintained free from vibration 

3. Aluminum alloys are light, hence large cast 
Ings and forgings can be handled and supported in 
the ordinary machine shop without the use of spe 


cial equipment 
Work 


l Aluminum allovs have higher coefficients 
of expansion than many other commercial alloys 
Warping and distortion may occur if the casting o1 
forging is excessively overheated during machining 
Overheating may arise from the use of improperly 
designed tools, dull tools, failure to use a lubri 
cant where indicated, as well as from the use of 
heavy feeds or cuts Distortion is sometimes 
caused by improperly clamping the work in the 
machine 

2. If sand castings are to be machined, allow 
sufficient stock for finishing Very little excess 
stock is necessary to clean up permanent mold cast 
ings or torgings 

3 rhe presence of foreign inclusions in the 


casting may seriously reduce tool lift 


Eprror’s Nort This article, of general 


nature, will be followed by another recom 
mending tool shapes, speeds, feeds and other 


specific data for the various operations So 
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Personals 





Edwin C. Yaw @ is 


research work in metallography 


doing 


for the Experimental Mechanical 
Engineering Department of Cor- 
nell University. 

Reed G. Laird @ is now metal- 


lurgist for Ohio Seamless Tube 
Co., Shelby, Ohio 


Stanley P. Watkins ©, man- 
ager sales development, Rustless 
Iron and Steel Corp. Baltimore, 
Wire 


Award § for 


has received the annual 
Association Medal 
1939, for the outstanding paper 
on wire manufacture or fabrica- 
tion written by a member of the 


Association. 


E. A. Burr @, vice-president in 


charge of Cleveland Quarries 
Co.’s Firestone Division, has been 


elected a director of the company. 








GIVE YOUR FOREMAN 
THIS WORKING TOOL 








ne OFRce 


Pata U.S } 
Uihicas LARGEST SELLING 
HURIZED CUTTING OIL 


WATCH YOUR 
iole] Ri ée}s mclek ie) 1, 


Order Trial Drum Today 
D.A.STUART OIL CO. Ltd. 


CHICAGO, U.S.A. 
Established /865 
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Appointed vice-president in 
charge of sales for the new Steel 
Division of Copperweld Steel Co 
at Warren, Ohio: Sidney D. Wil- 
liams ©. director of 
sales for Timken Steel and Tube 


formerly 


Division of Timken Roller Bear- 
ing Co. 

Promoted by Crucible Steel Co. 
David K. Miller © 


representative to 


of America: 
from district 
manager of the Baltimore branch; 
J. S. Billingsley © to assistant 
manager of the Pittsburgh branch. 


Transferred to the Cincinnati 
sales office: Edward J. Egan, Jr. 
@. after a year’s training at the 
Whiting, Ind. plant of Federated 
Metals Division, American Smelt- 
ing & Refining Co. 


C. E. Collander @ has resigned 
from the Keystone Drawn Steel 
Co. to 
Jacobs Aircraft Engine Co. 


accept a_ position with 


R. W. Emerson @, development 
engineer, Westinghouse Electric 
and Mfg. Co., Trafford, Pa., is 
now metallurgist and welding 
engineer at Pittsburgh Piping and 


Equipment Co., Pittsburgh 


Philip Sievering, president of 
Philip Sievering, Inc., was hon- 
ored at a banquet of the Masters’ 
Electro-Plating Association of 
New York, celebrating the 50th 
anniversary of his entrance into 


the plating industry 


Maurice G. Steele &, 
technical 


formerly 
adviser to the sales 
department, Baltimore division of 
Revere Copper & Brass, Inc., has 
joined the Kent Co., Inc., Rome, 


N. Y., as factory manager 


Appointed assistent general 
superintendent of the West 
Leechburg Division of the Alle- 
gheny Ludlum Steel Corp.: 


formerly 


Floyd ©. 


superintendent of the alloy strip 


George C. 


department 


Frank R. Mathews @ and his 
R. Mathews 
announced the opening of a com- 


son James have 
mercial heat treating shop in the 
Newark area to be known as The 
Mathews Co 
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Claus G. Goetzel @, powder 
. . = metallurgist, formerly with the 
i ersonals Hardy Metallurgical Co., is now 
a member of the staff of the 
American Electro Metal Corp. at 





Harbison T. Oatman =] is now the new research laboratories for 
junior research metallurgist at powder metallurgy in Yonkers, 
the research laboratory of the oe # 


Allegheny Ludlum Steel Corp., 
Brackenridge, Pa. 


Alvin E. Hope @ has left Alle- 
gheny Ludlum Steel Corp. to join 


James C. Vignos @ has been the Detroit office of Universal 
appointed director of research of Cyclops Steel Co. as sales repre- 
Ohio Ferro-Alloys Corp sentative 





HE Crankshaft Machine Company, 
Jackson, Michigan, builders of in- 
ternationally famous crankshaft lathes 
for the automotive industry, chooses 
Ampco Metal for parts requiring a high degree of wear resist- 
ance and resistance to fatigue and impact—such as side plates 
for tool arm spacers and for thrust plates on tool arms. 


This is another instance of the preference for Ampco Metal for 
extreme service parts. File 40 of Ampco Engineering Data 
Sheets will interest you — write for a copy. 


AMPCO METAL, INC., Dept. MP-2, Milwaukee, Wisconsin 


* The Metal without an Equal" 
AMPCO 
Nonew ~ E F AL 


| 
. . distinguished by this mark. 
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P. T. Roberts @, formerly spe- 
cial apprentice with the New York 
Central Railroad at Albany, N. Y., 


is now service test inspector at 


Beech Grove, Ind., covering the 
Big Four district. 


Richard M. Lord @ is now 
affiliated with the Aluminum Co. 
of America at its Alcoa, Tenn., 
fabricating plant, as metallurgist 
in the plate mill remelting 
department. 


R. H. Lambert @, student 
officer at the Naval Postgraduate 
School at Annapolis, is at Car- 
negie Institute of Technology for 
a year of graduate metallurgy. 


Wilton F. Melhorn @ is a tech- 
nical apprentice at American 
Steel and Wire Co., in Joliet, Tl. 


Van Lear Rentzell of the 
Philadelphia Navy Yard testing 
laboratory has accepted a_posi- 
tion as Army Air Corps inspector 
stationed at Glenn L. Martin Co. 


Retired: Arthur G. Greena- 
meyer @, as operating manager 
of the Buffalo district for Repub- 
lic Steel Corp. 


B. H. Gedge @, manager of 
operations for the Cleveland 
district of American Steel & 
Wire Co., Cleveland, has been 
appointed assistant to the vice- 
president in charge of operations. 
A. J. Hoyt, assistant manager of 
the Worcester, Mass., district 
operations, has been appointed to 
succeed Mr. Gedge at Cleveland 


William Hovaten @ is now 
doing graduate work at the 
Colorado School of Mines on a 
research fellowship presented by 
the Great Western Electro 
Chemical Co. of San Francisco 


Walter Grabowsky @ is now a 
junior metallurgist in the process 
control division of the Carnegie- 
IHinois Steel Corp. at the South 
Works in Chicago 


Frederick Cooper ©, formerly 
research associate at The Mid- 
vale Co., Philadelphia, is now 
assistant superintendent of the 


research department 








PILE DRIVERS CAN'T CALL "TIME OUT’ 


of Nickel-Chromium-Molybdenum Steel. 


When a pile driver goes to work time is generally the 
essence of the contract, with penalties for non-fulfill- 
ment an ever-present threat. Hence the ability to give 
continuous service under difficult conditions and with 
a minimum of attention is an essential requirement. 
That, in turn, depends largely on the choice, for each 
part, of the material best adapted to the job. 

One manufacturer. whose pile drivers have made 
an enviable record for trouble-free performance, 


guards dependability by making the ram piston — a 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 






Clima: 
500 Fi 


lebruary. 


-- -_|— —--- 


vital part 
This steel develops to a high degree the particular 
combination of toughness, strength and hardness, in 
the heavy sections used, which is necessary to with- 
stand the rigors of the service. 

A re-check of your own materials specifications may 
disclose possibilities for increasing dependability by 
the use of Molybdenum Steels. You will find our tech 
nical booklet, ““Molybdenum in Steel’’, helpful. It will 


be sent free on request. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


pany 
k City 
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Cold Work 





(Continued from page 158 
The final grain size is the larger 
the smaller the deformation. 

t. The larger the original 
grain size the greater the amount 
of cold deformation to give equiv- 
alent recrystallization tempera- 


tures and times. 


In connection with these 
fundamental laws, it should be 
pointed out that the amounts of 
cold work to give equivalent 
strain hardening vary with the 
temperature at which deforma- 
tion is performed. 

Impurities in solid solution 
tend to increase the temperature 
of reerystallization of a metal 
but exert a minor influence on 
its grain growth characteristics. 


On the other hand, undissolved 


A leading «<@°% manufacturer wanted to 
harden some <2==>'s to a case depth of .oo5-.006 
inch. He called in a Holcroft engineer 
who solved his problem thus 7 


REPORT 


Neel 





Why not check your heat treating operations with a Holcroft engi- 


neer—or, as a start, send for 
ltmosphere” 


the Holcroft booklet, 


me ‘ontrolled 


Eh) 
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Leaders in Buliding and Designing Electric and Combustion Furnaces, Kilns 
and Ovens. Home Office: 6545 Epworth Bivd., Detroit—Branches: Chi 
cago, Philadelphia. Canada: Walker Meta! Products, Ltd.. Walkerville, Ont 
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impurities are generally assumed 
to have little, if any, effect on 
recrystallization temperature 
This latter generalization is 
somewhat questionable, since in 
several instances such impuri- 
ties, in a fine state of subdivi- 
sion, are more powerful in 
increasing the reerystallization 
temperature than elements in 
solid solution. Undissolved 
impurities exert a pronounced 
effect on grain growth; when 
present in relatively small 
amounts the grain size may be 
small at low temperatures but 
suddenly increases to unusually 
large size in a narrow tempera- 
ture range; when present in 
larger amounts” grain’ growth 
mav be entirely prevented. 

The last lecture of the series 
“Practical Annealing” was by E. 
G. DeCortouis of the Surface 
This talk 


emphasized the continually 


Combustion Corp. 
changing requirements’ for 
annealing furnaces as methods 
and procedures changed in the 
metal fabricating industries. At 
the present time there appears to 
be a definite trend away from 
the “batch” 
toward continuity of operation 


annealing practice 
in “through” furnace. The 
speaker also dwelt at some 
length on the subject of con- 
trolled atmosphere annealing 
and carburizing 

After spending five atfter- 
noons and four evenings at this 
specialized clinic on the cold 
working and annealing of metals, 
your reporter was left with the 
distinct impression that there is 
still a lot to be learned about the 
While the effects of 


plastic deformation, strain hard- 


subject. 


ening, recovery, recrystallization 
and grain growth are recognized 
and used to advantage commer- 
cially, the detailed fundamental 
mechanisms whereby these phe- 
nomena function are still elud- 
ing satisfactory explanation. We 
are still in the “art” stage of 
development where progress is 
best accomplished by cut-and-try 
methods, properly seasoned with 
a dash of common sense S 








Twice as many Cyciones are being sold as all 


other air tempering furnaces combined”™ 


r 1937 more CYCLONES were sold than all other 
air tempering furnaces combined. That was but 
two vears after the CYCLONE TEMPERING FURNACE Was 
announced to the heat treating world. Today, five years 
after its announcement, the CYCLONE surpasses even 
that remarkable 1937 record—for today twice as many 
CYCLONES are being sold as all other air tempering fur- 
naces combined. 

Why is it that heat treaters give the cycLone such 
overwhelming preference? Why is it that one organiza- 
tion alone has bought an average of almost one CYCLONE 
a month in the 60 months since the CYCLONE was an- 
nounced? Why is it, since Jumping instantaneously into 
outstanding favor with heat treaters, the CycLoNe has 
not only held the lead, but in spite of the biting test 
of time and in spite of the number of imitations of its 
principle the cycLone has actually doubled its lead? 

The answers come from the hundreds of heat treaters 
and executives who operate the nearly 1000 CyCcLONEs 
in service. They prefer the CYCLON! because their 
CYCLONES are making money for them with every heat 
by turning out their work within the closest specifica- 


tions being written today—by turning out heat after 


heat more rapidly and without faltering. For in spite 
of its laboratory accuracy the cYCLONE is built like a 
battleship, with nothing skimped. The massive top cast- 
ing can be whammed and smacked with the heaviest 
but it won't wince a 


And the 


basket load of parts imaginable 
bit—for it’s thick and solid and substantial 
work chamber with its armor-plate lining has the same 
kind of courage—and takes the most malicious abuse 
without a trace of folding up. And the circulating fan 
with its husky shaft and air-cooled ball bearings—all 
these and many more are the things that go into giving 
most perfect tempering that any 


CYCLONE users the 


money can buy. Tempering that’s right today—tomor 


row—and right for vears to come. Tempering that stole 
the show in 1987—and tempcring that heat treaters like 
so well they're buying twice as many CYCLONES today 


as all other air tempering furnaces combined 


LINDBERG ENGINEERING CO. 


222 North Laflin Street + Chicago, Hlinois 


February. 1940: Page 179 





- ee rT — 














Magnesium 





(Continued from page 168 
even in its simplest form = con- 
sisting of 1 hr. in a solution con 
taining 4% sodium fluoride and 
t© sodium borate at 120° F. with 
10 volts alternating current, fol- 
lowed by 4 hr. in a hot solution 


(180° F. of 1! potassium 


hydrate and 10 potassium 
fluoride. 

The above fluoride treatment 
was developed by Messrs. PoMEy, 
FourguIn and Harpy of the 
Renault Co. in an exceptionally 
logical way. They first found 


that clean magnesium, when 


anodized in 10% potassium fluo- 
ride solution at 120° F., builds 
up a very thin insulating film of 
magnesium fluoride in 2 min., 


the current falling to 10° of its 























More Satisfied Customers Mean More Profits for You 


Because of its automatic stirring action and its ability to melt 
any desired alloy under close control of time, temperature and 
composition, a Detroit Rocking Electric Furnace produces a 
uniformly superior product and a higher percentage yield of 
perfect castings. Whereas the human element enters greatly 
into other melting methods, with a Detroit Electric Furnace, 
melting conditions are more nearly constant and the human 
factors are reduced to a minimum. 


To the jobbing or specialty foundry a Detroit Furnace provides 
the means of producing the best composition for a given prod- 
uct, thus helping to build customer good will and in turn repeat 
orders. It will pay you to ask for further facts about the new 


Detroit Rocking Electric Furnace 


ROCKING 


DIVISION OF KUHLMAN ELECTRIC CO 


ELECTRIC 


BAY CITY, MICH. AGENTS IN 40 CITIES 


FURNACE 
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initial value and the bath voltage 
rising to the 40 volts of the sup- 
ply used. This film, however, 
disappears when washed for 14 
hr. with chloride solutions (as 
shown by re-anodizing the speci- 
men, when the film may be built 
up again as at first.) Washing 
in 3% potassium fluoride solu- 
tion scarcely affects the film, for 
on re-anodizing, the insulating 
condition is attained within a few 
seconds. Since the fluoride film 
is evidently insoluble in solutions 
containing an excess of a soluble 
fluoride, the investigators turned 
to more alkaline fluoride baths 
containing carbonate or borate), 
and obtained mixed basic fluo- 
When these are 


washed with water and the speci- 


ride coatings. 


mens re-anodized, the insulating 
condition is quickly regained, 
showing that the films are less 
soluble than the normal fluoride, 
as expected. The next step was 
to augment the thickness by the 
use of alternating current; the 
cathodic part of the cycle does 
not reduce the basic fluorides 
formed by the anodic part, but 
seems to render the film more 
porous and thus to promote its 
thickening. If now the direct 
current process is applied to the 
film thus formed, it is rendered 
insulating; the two processes are 
largely additive. Finally, good 
mechanical resistance is achieved 
by a preliminary treatment in 
cold potassium permanganate 
solution acidified with acetic; 
this gives a porous, but flexible, 
coating of oxides of manganese. 

Electrolytic processes seem 
to have advantage over simple 
dichromate mordancage where 
no subsequent paint or lacquer 
Paint- 


ing is often a distinet disadvan- 


coating is to be applied. 
tage from added weight, and 
therefore there is a demand for 
some method that would rendet 
the metal passive. Therefore, 
these promising French treat- 
ments might well be simplified 
and shortened to facilitate their 
practical applications and to 


lower their costs. ¢ 
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GRASSELLI C. P. REAGENTS 


C. P. HYDROCHLORIC ACID + C. P. SULFURIC ACID 
C.P. NITRIC ACID « C. P. AMMONIUM HYDROXIDE 
C. P. GLACIAL ACETIC ACID 





CG sxassett C. P. Reagents are 
” specified by industrial laboratories, 
schools and universities requiring the 
highest standards of quality and uniformity. 
Distinctively identified with colored labels 


and matching plastic caps, Grasselli 


Reagents have been the first choice of 


laboratories for many years. 


ACIDS * HEAVY CHEMICALS * INHIBITORS 





Specify Grasselli Reagents and assure yourself 
of these qualities: 
Constant Uniformity—alway s dependable. 


Chemically Pure—the analysis is printed on 
each label and conforms to A. C. S. spec- 


ifications. 

Convenient and Economical shipping con- 
tainers. 

Quick Delivery—prompt shipment from our 
nearest warehouse. 


Listen to “Cavalcade of America” every Tuesday 


over N. B.C. 9709730 P. M. E. S. T. 


E. I. pu Pont pE Nemours & COMPANY 





INCORPORATED 


GRASSELLI CHEMICALS DEPARTMENT 


WILMINGTON DELAWARE 
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FLUXES * ZINC + SODIUM SICILATE 
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Pittsburgh and Chicago 
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HELPFUL LITERATURE 


@ Some of the foremost experts in the metal industry have contributed to the 
wealth of information contained in the literature described on this page. You 
will find your time well spent in looking it over. One booklet may solve your most 
difficult problem. Use the convenient coupon today to obtain this free literature. 





Von-S parking Safety Tools 

If your work is near inflammable 
gases, explosives, etc., the new 20 
page catalog featuring Ampco non 
sparking safety tools will prove in 
teresting and valuable. Ampco 
Metal, Inc. Bulletin Bd-175 
Collegiate Furnaces 

A 12-page folder showing Ajax 
Northrup furnaces in ten colleges 
with statements of uses in each by 
professors and graduate students is 
through the Ajax 
Bulletin Bd 


now available 
Electrothermic Corp. 
11. 


Dilatometer 

The new Rockwell-Bristol Dila 
tometer which both indicates and 
records in ink time-dilatation 
changes and temperature-dilatation 
changes simultaneously during heat 
Ing and cooling eycles is described 
in a folder released by the Bristol 
Co. Bulletin Bd-87. 


Contour Sawing 

A virtual text on Contour Sawing, 
containing over 300 illustrations in 
its 160 available 
through Continental Machines, Ine. 
Bulletin Bd-170. 
Tool Steel 

“Ketos” a tool steel for making 
intricate tools is described in a 
new folder by the Crucible Steel 
Company of America. Bulletin Bd 
a6. 


Structural Metal 


A complete and concise 
sion of magnesium and its alloys is 
contained in the booklet “Industry's 
Lightest Structural Metal” which is 
made available through the Dow 
Chemical Co. Bulletin Bd-215 


Heal Treating Hints 

\ helpful, colorful booklet edited 
by experienced heat treaters ts 
available through the Lindberg En 
gineering Co. Bulletin Bd-66 


pues, IS now 


discus 


Rayotubes 

Specialized temperature measur 
ing problems to which Rayotube 
detectors are now being applied are 
shown in an impressive booklet re 
leased by Leeds & Northrup Co 
Bulletin Bd-46 


Flame Gouging 

An economical method of grooy 
ing steel “Flame Gouging”, is ex 
plained with operating data and 
illustrations in an 8-page folder 
released by The Linde Air Products 
Co. Bulletin Bd-63 


Vachinability Chart 

A quick and accurate picture of 
how Rustless Stainless Steel will 
respond to your shop operations is 
given in the “slide-rule’” machin 
ability chart available through the 
Rustless Iron & Steel Corp Bul 
letin Bd-169. 


Ferrocarbo 

\ cupola addition, “Ferrocarbo”, 
which quality, 
lowers costs and reduces rejects is 
described in literature’ available 
through the Carborundum Co. Bul 
letin Bd-57. 


improves casting 


High Temperature Fens 

\ 4-page illustrated bulletin on 
this subject has been released by 
Michiana Products Corp. The ap 
plications (where temperature re 
quirements range up to 1800° F.) 
are enumerated and = construction 
described. Stock sizes mentioned 
include fans up to 32,000 cubic feet 
per minute capacity. Bulletin Hb 
81. 


Voly in Steel 

Metallurgists, engineers and pro 
duction executives who are really 
interested in the metallurgy of steels 
and their application will want the 
excellent) book on molybdenum 
steels published by Climax Molyb 
denum Company. Bound in loose- 
leaf manner, this reference book is 
chock-full of tables which form a 
volume almost an inch thick. Bul 
letin Hb-4 


Vacuum Cleaning 


\ very colorful brochure which 
illustrates modern cleaning methods 
by vacuum in industrial plants has 
been released by The Spencer 
rurbine Co. Bulletin De-70 


No Back-Fire 

4 burner that cannot back-fire is 
described in a brand new booklet 
on the fuel equipment products 
made by the Eclipse Fuel Engi- 
Bulletin Ad-226. 


neering Co. 
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Lectromelt Furnaces 

The story behind lectromelt fur- 
naces is well told in this 48-page 
booklet issued by the Pittsburgh 
Lectromelt) Furnace Corporation. 
Fells of development and recent 
improvements. Bulletin Db-18. 
Heat Treat Chart 

Heat treaters everywhere should 
find a heat treating wall chart com- 
plete with S.A.E. specifications a 
very valuable addition to their 
shops. Published by Chicago Flexi- 
ble Shaft Co., manufacturers of 
Stewart industrial furnaces. Bul 
letin Ka-49, 


Pure Metals 

Pure, carbide-free metals are de- 
scribed and applications suggested 
in a pamphlet published by Metal 
& Thermit Corp., who make pure 
tungsten, chromium and manganese 
in addition to the ferro-alloys. Bul 
letin Ma-64. 


Specialized Tester 

The Rockwell superficial hard 
ness tester is a specialized instru 
ment for use where the indentation 
into the work must be kept shallow 
or of small area, vet sensitivity pre 
served, \ supplement to Wilson 
Mechanical Instrument Co.'s catalog 
on the regular Rockwell tester tells 
all about it. Bulletin Sy-22. 


Ferro-Alloys 

An interesting folder by Electro 
Metallurgical Co. tells all about 
their ferro-alloys and their special 
service to users which will help 
them to operate their furnaces and 
make alloy additions under the 
proper conditions. Bulletin Jy-16. 


Char-Mo Almosphere 

A colorful folder explaining how 
molybdenum steel can be heat 
treated without decarburization Is 
now available through the Surface 
Combustion Corporation. Points out 
advantages of the new Char-Mo fur 
nace and explains its operation 


Bulletin Lb-51. 


Vachining Steel 

An 80-page book of general and 
specific information on steels, in 
cluding tables of recommended cut 
ting speeds and feeds for many 
grades of carbon, alloy and stain- 
less steel, is available from the 
Union Drawn Steel Division of Re- 
public Steel Corp. Bulletin Ne-8. 























Constant proportion of fuel—insuring an even 
heat—is maintained in gas furnaces by the North 
American AIR-GAS RATIOTROL. 


Both air and gas are interdependent, yet the 
RATIOTROL is so flexible that corrections for ca- 
pacities, varying pipe resistances, etc., can be made 
without altering the installation itself. 


The control valve has an adjustable port that can 





OF COMBUSTION 


be set to insure effective control of the air over the 
whole motor operating range together with an exter- 
nal by-pass to furnish air at blower pressure to an 
auxiliary diaphragm on the atmospheric regulator 
when the control motor goes to the shut-off position. 


The force from this diaphragm actually closes off 
all gas flow to the burners at this point which among 
other advantages eliminates all possible over-riding 
of temperatures at low temperature settings. 


i rite tor de fats today 


| NURTH 


MANUFACTURING CO 


February. 
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@ Some of the foremost experts in the metal industry have contributed to the 
wealth of information contained in the literature described on this page. You 
will find your time well spent in looking it over. One booklet may solve your most 
difficult problem. Use the convenient coupon today to obtain this free literature. 





Portable Potentiometer 

An extremely versatile indicating 
potentiometer with precise balance 
ing, quick standardization, and 
easy-reading scales is described and 
illustrated in a folder by the Fox 
boro Co. Bulletin Ne-21 


Heat Treating Furnaces 

A brand new 16-page booklet of 
Holecroft & Company shows and de- 
scribes their line of controlled at- 
mosphere heat treating furnaces. 
Bulletin Ee-203. 


High Speed Steel 

Required hardness and extraordi- 
nary toughness combine to make 
Firth-Sterling Co. new high speed 
steel ““Mo-Chip” of unusual interest 
to manufacturers who need a steel 
that is “practically indestructible.” 
Bulletin Ad-177. 


Electric Furnaces 

A new catalog on electric 
and pyrometers has been released 
by the Hoskins Manufacturing Com 
pany. For anyone who does any 
kind of heat-treating, brazing, o1 
uses heat-resisting castings. Bulletin 


He-24, 


furnaces 


Handy Tool 


hat the “tool of 1001” uses is 
rightly named will be admitted by 
anyone who looks over Chicago 


Wheel and Manufacturing Co.’s 63 
catalog on the “Handee”’. See 
your busi 


page 
how you can use it in 
ness. Bulletin Ee-230. 
Fatigue Tesl 
\ compdete 
fatigue test as made on the R. R. 
Moore fatigue testing machine Is 
given in a folder by Baldwin-South- 
wark Corp. Examples are discussed 
and illustrated. Bulletin Ka-67. 


description of the 


, ? 


Pot Furnaces 
rhe new 
Gas Furnace 
hardening furnaces include insulat- 
ing refractory lining backed by 
block insulation, heat resisting alloy 
burners, single valve control, nu- 
merous small burners with their at- 
tendant advantages, burner location 
and method of venting. Fully de- 

scribed in Bulletin Sy-11. 


features of American 


Co.’s improved pot 


Thermocouple Insulators 

An exceedingly complete stock of 
thermocouple insulators is de 
scribed in a bulletin made available 
by the Claud S. Gordon Co. Bul 
letin He-53. 


Chapmanizing 

Chapmanizing, the method of 
surface hardening steel with nitro- 
gen, is described in a very attrac- 
tive booklet of Chapman Valve Mfg. 
Co. Information is given on the 
method itself and on its metallurgi- 
cal advantages. Bulletin Ob-80. 


Welding Stainless 
stainless 
colorful 


steels 1s 


12-page 


Hiow to weld 


described in a 


folder released by the Page Steel 
and Wire Division of American 
Chain & Cable Co., Inc. Bulletin 
Coc-S6. 


Electroplating 
group of chemicals, 
interest 


\ complete 
processes and materials of 
to those engaged in electroplating 
is listed in this 8-page booklet 
published by the E. I. Du Pont de 
Nemours & Co., Inc. Bulletin Eb-29. 


Cr-Ni-Mo Steels 
4. Fink] & Sons’ catalog is really 


a technical treatise on chromium- 
nickel-molvbdenum steels for forg- 


ings. Pocket size, 104 pages, cloth 
bound, illustrated by photographs, 


charts and tables. Bulletin La-23. 
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Laboratory Furnace 

The Sentry Co. describes a high 
temperature tube combustion fur- 
It permits operating temper- 
thus offering 
precision fol 


nace, 
atures up to 2500° F., 
greater and 

combustion analysis or other labo 
ratory procedures. Bulletin My-114. 


speed 


Hydraulic Tester 

Of interest to all engineers recon 
mending or purchasing universal 
testing machines is a_ book by 


Riehle Division of American Ma 
chine and Metals, Ine., on the 
development of the precision hy 
draulic testing machine Bulletin 
Ba-157 


Ni-Cr Castings 
Compositiens, 
uses of the high nickel-chromiun 
castings made by The Electro Alloys 
Co. for heat, corrosion and abrasion 


properties, and 


resistance are concisely stated In a 
handy illustrated booklet Bulletin 
Fx-32. 


Carburizing Salt 

A technical service bulletin de- 
scribing a new development—Du 
Pont Carburizing Salt—for the eco- 
nomical production of deep high- 
carbon cases on plain carbon and 


alloy carburizing steels avail- 
able through Du Pont. Bulletin 


Dc-29. 


Oil Burners 

North American Mfg. Co. offers a 
bulletin describing improved low 
pressure oil burners, one type espe- 
cially designed for automatic con- 
trol and ideally suited for use with 
proportioning control Bul- 
letin Na-138. 


valves. 


Metallographic Reference 

Nearly one thousand 
books and reference papers on Op- 
tical Principles in Metallography 
are listed in the new Metal Analyst 
just released by Adolph I. Buehler 
Bulletin Le-135. 


technical 


Testing and Controls 

An up-to-the-minute booklet on 
foundry sand testing and control 
equipment is just off the press. 
Published by Harry W. Dietert Co 
Bulletin Ec-198. 


General Data Book 

Valuable reference and data are 
contained in a book by Joseph T. 
Ryerson & Son, Inc., which gives 
metallurgical definitions, heat, hard- 
and numerical equivalent 
tables as well as many valuable 
operating facts. Bulletin Ne-106. 
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Contributors in This Issue 





cc} Vere B. Browne came to Allegheny Steel Co., 


Brackenridge, Pa., in 1909 to serve as chiet 
chemist. His rise to vice-president and director of 
the now Allegheny Ludlum Steel Corp. was steady 
In 1912 he was promoted to technical superintend- 
ent of the openhearth; to assistant general super- 
intendent in 1914 


general managership, he became assistant to the 


Following appointment to 


president in 1923, vice-president in charge ot 
research in 19380, and director in 1936. 


Harry S. Blumberg, junior author of the article 
on steels of plural composition (page 168) held 
several positions in the 11 years before he settled 
down as metallurgist for M. W. Kellogg Co. in 1926 
He was chemist with Illinois Tool Works, metal- 
lurgist for Illinois Steel Co. and A. O. Smith Corp., 
Milwaukee. Mr. Blumberg’s forte is pressure ves- 
sels and their welding, and he is co-author ot 
chapters in both the @ Metals Handbook and the 
Welding Handbook. He served as secretary of the 
Chicago Chapter 1920-22, and is now on the execu- 
tive committee, New York Chapter ©. 


C. A. Liedholm received a scholarship from 
Jernkontoret (Swedish Iron Masters’ Association 
in 1928 for the study of electric steel melting in the 
United States and has been here ever since. He is 
now with Jessop Steel Co., as metallurgical engineer 
in charge of physical and metallographical labora- 
tory and research. Prior to coming to this country 
he was chemist for DeLaval Separator Co. in Stock- 
holm and assistant metallurgist for the Hellefors 
Co. In January 19389 Mera ProGress he discussed 
the problem of the influence of oxygen in steel on 


its weldability. 


Bruce W. Gonsetr 


Harry S. Blumberg 


Graduated in metallurgical engineering from 
Pennsylvania State College in 1930, Ralph L. Wilcox 
joined the research stalf of the New Jersey Zine Co. 
Here he cooperated in original researches on zine 
alloys and is co-author of several publications in 
this field. Transferring to the sales organization 
in 1937, he was assigned to the Detroit office, and 
naturally finds one of his biggest fields in the 
applications of zine die castings to automobiles, 
which he discusses in detail in the article starting 


on page 1o0 


Bruce W. Gonser’s first position as metallur- 
gical engineer in the research department of Amer- 
ican Smelting and Refining Co. in 1924 took him 
during the next eight years to many of the com- 
pany’s plants and familiarized him with various 
hvdrometallurgical and volatilization processes, the 
electrodeposition of zinc, antimony, lead, and cop- 
per. He joined Battelle Memorial Institute in 1934, 
where his position is supervisor of research in non- 
ferrous metallurgy. Gonser graduated from Purdue 
as a chemical engineer in 1928 and was awarded 
a master’s degree in chemical engineering in 1930 
Graduate work at Harvard brought him a D.Se 
in 19338. 


Another non-ferrous expert is Dana W. Smith, 
who has been in the metallurgical division of the 
Aluminum Research Laboratories at New Kensing- 
ton, Pa. since 19384. With a B.S. from Missouri 
School of Mines and Metallurgy in 1929, he went 
to Yale and emerged with a Ph.D. in 1982. During 
the intervening two vears (before going to Alcoa 
he was associated with the Metals Research Labora- 


tory of Carnegie Institute of Technology 


Ralph L. Wilcox Dana W. Smith 





Vetal Progress: Page 192 




















Colmonoy No. 6 has been used to hard-face the 
corners of these draw-rings, used in drawing refrig 
erator doors, protecting the rings at the points of 
maximum metal flow. 





CUT DRAWING AND FORMING COSTS 


¥ with 


MONOY 


One of the many cost saving applications of Col- 
monoy is the hard-facing of draw rings. The high 
degree of resistance to abrasion imparted to Col- 
monoy by the diamond-like crystals of patented 
chromium boride means uninterrupted production 
and lower maintenance costs. 





Colmonoy comes in various degrees of hardness, 
for every hard-surfacing job. The savings it is mak- 
ing in many different applications merit your seri- 
ous consideration. 


Write for Catalog 


If you have some definite application in mind 
when you write, our engineers will furnish 
specific recommendations promptly and with 
out obligation 


WALL-COLMONOY CORP. 


637 Buhl Building Detroit, Michigan 
BRANCH OFFICES 
Chicago, Il. New York, N. Y. Whittier 


Windsor, Ont. Montreal, Que 


Buffalo, N. Y. Cal. 


Toronto, Ont. 
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FURNACES 
of all kinds 


FORGING, HEAT TREATING, METAL 
MELTING, ETC. 
* 


CAR TYPE FURNACES, CONVEYOR 
FURNACES and the STEWART GASIFIER 
a 


A Stewart representative is located near you. Let us 
know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 


1104 South Central Avenue, Chicago, U. S. A. 
FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., S., Toronte, Ontario, Can. 
Eastern Branch Office: 11 W. 42nd St., New York, N. Y. 














SAVED $43 MAKING THIS PUNCH 











Products Co. of 


W insted 


Conn 


Capitol 

made this punch for base of electric toaster ~< = 

from 2” thick Paragon Tool Steel The ‘ 
DoAll produced it in 2 hours and -* , , » 
20 minutes. Accuracy from out- <. f dt - 
side to bottom, within .003”. They 2 cd 

estimate these savings < 


$28.00 
15.00 


17 hours 40 minutes 


25 pounds of steel 


STARTLING RESULTS 


Contour Sawing, the new DoAll 


process of machining, is recog- 


nized as the fastest precision method of removing metal; cuts 


DO-ALIL 
Gril Machane 


BAND SAWING 
BAMDFILING 
BAND POLISHING 
* 
F R E New Handbook on ee 
Contour Machining 
158 pages f able metal work 
ng helps 


CONTINENTAL MACHINES, Inc. 
1307 S. Washington Ave.. Minneapolis 
Minn 
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out internal and external shapes 
from any metal up to 10” thick. 
Does work of 3 machines 
DoAll is a moderately priced, 
rugged precision machine tool 
that replaces shaping, milling 
and lathe work on a large va- 


riety of jobs with enormous 
savings. 
Used in large and small plants 
in 30 countries by such firms 
as Cadillac, Fisher Body, Bald- 
win Locomotive, Federal Cart- 
ridge, New Monarch Machine 
L. S. Hafkins, Edison Indus- 
tries, Wayne Pump, l S 
Navy, etc 
Let « factory trained mar 
bring «a DoAll to your plant 
and show you what it does 
what it saves on your own 
work 


} Send data on the DoAli 
Send Free Handbook 


Neme 


Address 











CHICAGO="'V/T SUPER BOND 


GREATEST FORWARD STEP NEW 
IN 30 YEARS 
V/T Super Bond is one of the most UNDER THE 
SUN 


important developments in mounted 
wheels. Nothing compares with it in 
long life, stamina and performance. 


150% Longer Life 


Chicago Mounted Wheels of 
V/T Super Bond have 1507 to 
300° longer life, according to 
tests in many plants on snagging 
and exacting operations. Will 
not ridge on welds, sharp cor- 
ners, sinking dies, barbering, etc 


YES- 
SOMETHING 


There's a shape and size to 
handle every grinding job faster 
better, at lower cost. 

Let us send you a trial wheel. 
Tell us the kind of job, type of 

equipment used and size wheel you prefer. 

FREE MOUNTED WHEEL CHART —Ildeal 
for ready shop reference. A Wall Chart 22” x 15 
showing actual size and shape of every standard 
Chicago Mounted Wheel. 


Handee Tool of 1001 Uses 


A small “power house” that can be used 
wherever there is an electric outlet 
Grinds, drills, polishes, cuts, routs, carves 
sands, saws, sharpens, engraves, cleans, 
etc. Uses 300 accessories. Weighs 12 oz 
25,000 r.p.m $18.50 postpaid with 6 
Accessories. 

Send for Catalog of Complete Line 
CHICAGO WHEEL & MFG. CO 
Makers of Quality Products for 40 Years 
1101 W. Monroe St Dept. MP Chicago, Ill 





Tin Cans 











TOOL STEEL 


FOR EVERY PURPOSE 
a. 


Manganese oil hardening 
non-shrinking tool steels are 
now being used, considerable 
extra production can be ob- 
tained, at no extra cost. by 
turning to Vulcan Hardrite, a 
keen-edged non-deforming oil 
hardening tool steel of long 
wear resistant properties. 


Make that next order IV'u/- 
can Hardrite. 


VULcaN 


CRUCIBLE STEEL CO. “u'r 


isatattished 1900 


Continued from page 141 containers and with 


stainless steel, but so far they have been unable 
to compete with a No. 2 can costing less than 2¢. 
\luminum coated steel is a commercial product 
and has been tested by some can manufacturers 
without entirely satisfactory results; it may even- 
tually be used. The saving in the cost of tin by 
using aluminum, a cheaper metal, is comparatively 
small and partly counterbalanced by a more 
expensive method of manufacture. Much work 
has also been done recently on very thin electro- 
plated silver coatings, but this, if successful com- 
mercially, probably will be confined to containers 
of foods or beverages that command a high retail 
price. Electrodeposited nickel and composite 
nickel with tin or chromium coatings have 
attracted the attention of can makers and consid- 
erable interest is shown in testing them. 

Other developments in can making which are 
scarcely in the commercial stage include deep 
drawn or seamless can bodies having only one end 
to be seamed after packing. The severe drawing 
operation destroys much of the value of the tin 
coating, hence an effective lining enamel must be 
applied after forming the can body. There are 
possibilities, too, in depending entirely on an 
organic lining material over a bare steel container. 
Welded cans are a possible future development of 
importance. 

In the meantime the manufacture of tin plate 
is due for some improvements. With the advent 
of cold reduced steel strip in lengths of 5000 ft., 
or even more, there is a strong urge to tin these 
coils in a continuous process. Continuous hot 
tinning of cold rolled steel strip and its use by the 
can manufacturer in this form is by no means dis- 
tant. Narrow strip 8 to 12 in. wide has been pro- 
duced but not used for making packers’ cans. 
Difficulties from “dry streaks” when tinning wider 
strip do not appear entirely insurmountable. 

At present the continuous electro-tinning of 
steel strip is in limited commercial production and 
may soon be utilized more extensively for contain- 
ers for the food industry. At present such material 
is largely used for can ends and for certain dry 
containers like coffee cans. The tin coating of 
electro-tinned plate is likely to be between 0.5 and 
1.0 lb. per base box for use by canners. Economies 
in the continuous production of tinned strip and 
use of somewhat less tin, and in the elimination of 
dross losses when hot tinning, help compensate for 
some of the higher initial costs of the electro- 


lining process. ry 
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